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Dear Sir: 

I, Robert Lifely, declare that: 

1. I received my B.Sc. in chemistry and mathematics from 
Royal Holloway College, University of London. I received my 
Ph.D. in microbiological chemistry from the University of 
Newcastle in 1978. 

I am a Senior Research Scientist at Wellcome Research 
Laboratories, located in Beckenham, Kent, England, a position I 
have held since 1985. From 1978-1985 I was a Research Scientist 
at Wellcome Research Laboratories. In my time at Wellcome, my 
research has been multidisciplinary and includes chemistry, 
immunology, cell biology and microbiology. My work has been 
focused in the areas of vaccines and, for the last five years, 
monoclonal antibodies. A copy of my C.V. is attached hereto as 
Exhibit A. 
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2. I have reviewed and am familiar with the above- 
referenced patent application. This application describes the 
balanced expression of the heavy and light chains of a 
recombinant antibody from Chinese hamster ovary (CHO) cells and 
the use of these CHO-glycosylated antibodies in medical therapy 
to treat various disorders. Specifically, the antibodies can be 
used to treat T-cell mediated disorders, such as severe 
vasculitis, rheumatoid arthritis and systemic lupus, and 
autoimmune disorders, such as multiple sclerosis, graft vs. host 
disease, juvenile onset diabetes, Sjogrens' disease, thyroid 
disease, myasthenia gravis, transplant rejection and asthma. The 
antibodies also can be used to treat Certain cancers, such as 
Non-Hodgkins lymphoma and multiple myeloma, and infectious 
diseases, such as HIV and herpes. 

3. Antibodies . produced in myeloma cells have been used to 
treat various diseases and disorders . It was not obvious from 
data involving the use of myeloma -produced antibodies to treat 
disease that antibodies produced in CHO cells also would be 
effective in medical therapy. 

4. The scientific literature provides significant evidence 
that differences in the glycosylation of an antibody can affect 
its in vitro biological activity through altered Fc receptor 
binding and/or complement activation. See, for example, Nose, M. 
and H. Wigzell, Proc. Natl. Acad. Sci. USA 80:6632 (1983); 
Leatherbarrow, R.J., et al . Mol . Immunol. 22:407 (1985); and 
Rademacher, T.W., et al . Ann. Rev. Biochem. 57:785 (1988), copies 
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of which are enclosed as exhibits B-l, B-2 and B-3, respectively. 
Circulatory lifetime, immunogenic ity and antigenicity of the 
antibody in vivo also can be dependent upon glycosylation of the 
molecule. See Goochee, C.F. et al . Biotechnology 8:421 (1990), a 
copy of which is enclosed as Exhibit B-4. 

5. Several factors are known to be able to influence 
glycosylation. Species-, tissue- and cell-type all can influence 
the way that glycosylation occurs. See Goochee, CP., et al . 
above . 

6. CAMPATH-1H, a humanized IgG ± monoclonal antibody 
directed against the CDw52 antigen present on the cell surface of 
the majority of normal and malignant lymphocytes, has been 
expressed in a rat myeloma cell line (Reichmann, L . , et al . 
Nature 332:323 (1988), a copy of which is enclosed as Exhibit 
B-5) and used to treat successfully patients with 

lymphoprol iterative disorders. Hale, G. et al . , The Lancet 2:1394 
(1988), a copy of which is provided as Exhibit B-6. The 
production of this antibody in a CHO cell is described in detail 
in the present application. The myeloma-derived and CHO-derived 
CAMPATH-1H were expected to differ in glycosylation, due to 
differences in species-, tissue- and cell-type. 

7. The myeloma -derived and CHO-derived CAMPATH-1H have been 
compared on the basis of oligosaccharide composition and 
biological activity as measured by ELISA, antigen binding assays, 
complement mediated lysis (CML) and antibody dependent cell- 
mediated cytotoxicity (ADCC) . 
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a. oligosaccharide mapping 

The intact oligosaccharide chains were released from the 
CAMPATH-1H protein backbone enzymatically using glycopeptidase- 
F. The oligosaccharides were analyzed by two different 
chromatographic techniques, reverse phase (RP) HPLC and high 
performance anion exchange chromatography (HPAEC) . 

To facilitate RP-HPLC, with conventional UV detection, 
oligosaccharides were first derivatized with 1 -phenyl -3 -methyl - 
2-pyrazolin-5-one (PMP) . A number of standard oligosaccharides 
were similarly derivatized to enable approximate identification 
of the types of structures present from comparison of retention 
times . 

HPAEC does not require the oligosaccharides to be 
derivatized, but works by "on column" ionization of the hydroxyl 
groups, by means of a high pH eluate. The oligosaccharides then 
can be separated as anions in a conventional ion exchange 
mechanism; detection was achieved using a pulsed amperometric 
detector (PAD) . Comparison with standard oligosaccharides 
allowed an indication of the types of structures involved. 

The results, as shown in Figures 1 and 2, attached, indicate 
a clear difference in the oligosaccharide composition of CHO- 
derived CAMPATH-1H and myeloma-derived CAMPATH-1H. 
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b . biological activity 

The ELISA carried out was a capture ELISA in which goat 
anti-human IgG (H+L) was coated onto plates and captured CAMPATH- 
1H was detected with peroxidase-conjugated goat anti-human IgG 
(gamma chain specific) . 

Two assays were used for measuring the ability of CAMPATH- 
1H to bind to the CDw52 antigen. The first was a solid phase 
radioassay that utilized a T-cell line (HUT-78) , expressing the 
antigen, coated onto microtitre plates, wherein bound CAMPATH-1H 
was detected with 12S I -protein A. The second assay was an ELISA 
that substituted HUT-78 cells with the soluble purified antigen. 
Bound CAMPATH-1H was detected with alkaline phosphatase - 
conjugated anti -human IgG (gamma chain specific) . 

The CML assay was based on lysis of 51 Cr-labelled K-422 
cells (a B-cell non-Hodgkins lymphoma cell line expressing the 
CDw52 antigen) with CAMPATH-1H using normal human serum as a 
complement source . 

To carry out the ADCC, peripheral blood mononuclear cells 
(PBML) were used as effectors. The ADCC-antibody dependent 
cellular cytotoxicity assay was carried out as follows: 

Wien 133 cells were pelleted and the pellet incubated with 
100 pi Cr 51 - sodium chromate (lmCi/ml) for 1 hour at 37° C (the 
cells were suspended by flick mixing cells 20 minutes) . The 
cells were washed three times in serum containing medium and 
resuspended to 2 x 10 5 /ml. Aliquots of 50 fil (i.e., 10 4 cells) 
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were incubated with 50 fil of various antibody dilutions for one 
and one half hours at 3 7° C in microtitre plates. 

Effector cells were isolated from human blood by separation 
on lymphoprep (Nycomed) . The resulting peripheral blood 
mononuclear cells (PBMC) were washed three times in serum 
containing medium and resuspended at either 2.5 x 10 6 ml or 
higher to give final eff ector : target ratios of at least 25:1. 
The PBMC were aliquoted onto the pretreated target above at 100 
/xl/well and the plates were spun briefly at 1.5k rpm to settle 
the cells. 

The plates then were left at 37° C for 5 hours. Control 
cells were included in the assay and were either the targets 
incubated in medium alone (spontaneous release) or the targets 
incubated in 1% triton (maximum release) . 

100/xl aliquots from each well were counted and the specific 
release calculate using the following formula: 

% specific release = experimental - spontaneous 

release release 

X 10 6 

maximum - spontaneous 

release release 
For the tests, purified CHO and myeloma antibodies were 
adjusted to a protein concentration of 1.75 mg/ml by A 280 and by a 
BCA protein assay. The results of the tests are presented in 
Table 1 and Figure 3, attached. Both antibodies were of apparent 
high purity, as judged by the ELISA for antibody concentration. 
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Furthermore, no significant differences in biological activity of 
the two preparations were observed in the T-cell/soluble antigen 
binding and complement mediated lysis assays. 

The ADCC assay, however, showed higher activity for the 
myeloma-derived CAMPATH-1H preparation over the CHO-derived 
product, which ranged from a two-to ten-fold difference, 
dependent upon the effector cell (PBMC) donor. This is 
illustrated in Figure 4 . 

8. In view of these findings regarding oligosaccharide 
composition and biological activity, it was very uncertain 
whether the CHO-produced antibody would be effective in treating 
patients. * 

9. The CHO-glycosylated antibody was administered to 
patients suffering from life-threatening autoimmune systemic 
vasculitis or lymphoma as reported in Lim, S. et al . , The Lancet 
341:432 (February 13, 1993); Lockwood, CM. et al . , The Lancet 
341:1620 (June 26, 1993); and Poynton, C.H. et al . , The Lancet 
341:1037 (April 17, 1993), copies of which are provided herewith 
as Exhibits B-7, B-8 and B-9, respectively. Lockwood et al . 
report that the CHO-glycosylated Ab provided "substantial and 
sustained benefit" in three of the four patients when 
administered alone and in the fourth when administered in 
combination with thalidomide. Lim et al. provide that the 
administration of the antibody to a patient suffering from non- 
Hodgkin lymphoma which had proved to be resistant to chemotherapy 
and interferon resulted in a good response in blood, bone marrow 




and spleen. They state that although complete remission did not 
result, the therapy did provide a substantial cytoreduction of 
lymphoma cells from bone marrow. Poynton et al . administered the 
antibody to four patients with resistant non-Hodgkin lymphoma. 
They reported that their patients suffered more adverse side 
effects than had been experienced by Lim's patient, but agreed 
that the antibody constitutes "an exciting new treatment of 
resistant non-Hodgkin lymphoma. ". 

10. The administration of a CHO-glycosylated anti-CDw52 
antibody also has been shown to be effective therapy for persons 
suffering from multiple sclerosis. PCT application 
PCT/GB92/02252 , published June 10, 19^3, discloses and claims a 
method for treating multiple sclerosis through the administration 
of an antibody recognizing the CDw52 antigen. A copy of this 
application is provided as Exhibit B-10. 

The application provides a case history in which a woman in 
her mid-forties was diagnosed as suffering from MS. She 
initially was treated with steroids, but her condition continued 
to worsen and the disease was judged to have entered a chronic 
progressive phase. She was given CHO-glycosylated CAMPATH-1H in 
10 intravenous doses. (The application states on page 5 that the 
antibody was produced by expression in a recombinant CHO cell 
line.) As the application provides, according to evaluations of 
the patient one and two months following the introduction of the 
antibody therapy, the patient showed "improvement in the 
progression, disability and relapse assessment categories." The 
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application further states that the treatment course was well- 
tolerated and that 18 months after the treatment, the patient's 
improved condition had been maintained. 

11. CHO-glycosylated anti-CDw52 antibodies also have been 
shown to have a therapeutic effect when administered to persons 
suffering from rheumatoid arthritis. Published application 
PCT/GB92/01884 , a copy of which is provided as Exhibit B-ll, 
summarizes the results of several case histories. As the 
application makes clear on page 5, the anti-CDw52 antibody used 
in case study #1 was produced in rat Y-0 myeloma cells and the 
antibody used in all other case studies reported was produced by 
expression in a recombinant CHO cell fine. 

The patient described v in case study #2 was a woman in her 
twenties who suffered from a severe case of atypical Still's 
disease, a variant of rheumatoid arthritis which occurs in 
younger patients. A number of conventional therapies were tried, 
with at best only limited effect, and the patient required 
lengthy hospitalizations. She was administered CAMPATH-1H as 
described in the application. The treatment resulted in dramatic 
improvements in her condition and the remission lasted for nine 
months. Following a relapse, she received a combination therapy 
of CAMPATH-1H and an anti-CD4 antibody. When this had no 
sustained effect, a plasma exchange was carried out, followed by 
further treatment with the two antibodies, this time with good 
effect. The patient also received small doses of steroids, and 
four months later was in stable remission. 
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Eight other case studies are reported in the application in 
which the patients received CHO-glycosylated CAMPATH-1H. Each 
patient suffered actively from arthritis, and conventional 
therapies had proved to be unsuccessful. The CAMPATH-1H was 
administered as described in the application. Seven of the eight 
patients showed an "impressive" initial response to the therapy, 
as shown by reduction in joint swelling and improvement in 
thermography. Each patient enjoyed a remission which, with one 
exception, lasted at least two and a half months and, in one case 
lasted at least six months. 

12. Attached hereto and marked as Exhibit B-12 is a page 
from a report written by Dr. Geoff Hafe of the MRC/Wellcome 
Therapeutic Antibody Centre in Cambridge, England. In his 
summary of initial clinical data, Dr. Hale notes that the 
researchers at the Centre had doubted whether the CHO- 
glycosylated antibody would be effective in vivo. As Dr. Hale 
reports, however, the patient experienced a marked clinical 
improvement, lymphocytes were cleared, opiates which had been 
administered to control pain could be withdrawn and the patient . 
was able to walk again. 

Subject matter not pertaining to the clinical studies has 
been deleted from the attached page of the report. 

13 . In view of the state of the art and our own 
experimental findings regarding oligosaccharide composition and 
biological activity, the clinical results obtained by these 
researchers were surprising. It was not obvious at the time this 
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invention was made that CHO-glycosylated antibodies would be 
useful for medical therapy. 

14. In view of the in vivo data showing the efficacy of 
CHO-glycosylated CAMPATH-1H antibodies to treat various 
disorders, I would expect that other antibodies produced in CHO 
cells also would have similar and appropriate glycosylation . 
Inasmuch as the glycosyl transferases present in the CHO cell 
lines would be the same regardless of the antibody being produced 
under similar cell culture environmental conditions, one of 
ordinary skill in the art would expect these enzymes to 
glycosylate any antibody in a similar manner. 

I further declare that all .statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 




Date 
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EXHIBIT 3-1 



Biological significance of carbohydrate chains on 
monoclonal antibodies 

tunicamycin/Fc receptor/ complement / protein A/ imm»inocompie\ 

Masato Nose and Hans Wiozell 

Department ot inimunoiotrv. KaroiinsKa institute. 5-104 01 Stockholm, .weer. 
Conimuntcated by Georac Klein, iune 27. 1933 



ABSTRACT We have prepared monoclonal hapten-specific 
mouse lgC2b antibodies depleted of asparagine-linked carbohy- 
drate chains by treating the hvbndoma cells with tunicamycin. 
The carbohydrate-deficient antibodies behaved in an identical 
manner to the normal antibodies with regard to fine antigen-bind- 
ing reactivity (a Fab fragment feature i and protein A binding ca- 
pacity (a feature requiring integrity at the C M 2 and C n 3 domain- 
interaction regions in the constant region of the heavy chain (C (I; 
However, they lost the ability to activate complement, to bind to 
Fc receptors on macrophages, and to induce antibody-dependent 
cellular cytotoxicity. Furthermore, antigen-antibody complexes 
produced from such carbohydrate-deficient antibodies failed to be 
eliminated rapidly from the circulation. We conclude that removal 
of carbohydrate chains from IgG molecules may have a profound 
and highly select impact on the biological activity to these anti- 
bodies. 

Carbohydrates have been indicated to be of significant impor- 
tance in secretion of Ig molecules t L), recognition of polymeric 
antigens (2), and creation of IgC-IgG complexes (3). Likewise 
complement fixation, opsonic activity, and the binding to Fc 
receptors of rabbit IgG antibodies may require carbohydrate 
moieties (4. 5). We have taken acl vantage of the availability ot 
monoclonal antibody-producing hybridoma cells to obtain ho- 
mogeneous antibodies with defined specificity. As carhohv- 
drates on IgG and IgM are asparagine-linked ;6-<S). tunica- 
mycin iTnu blocking of the dolichoi-dependent. asparagmc- 
iinked glycosylation pathway i9i can be used in vitro to obtain, 
through biosynthesis, carbohydrate-deficient Ig molecules 1 1 . 
Our comparison of monoclonal IgC2b antibodies with or with- 
out carbohydrate chains demonstrates that the absence of car- 
bohydrates will lead to an inability ot the antibodies to function 
in antibody-dependent cellular cytotoxicity i ADCC). to interact 
with Fc receptors on macrophages, to activate complement, and 
to be eliminated rapidly from the circulation only when com- 
plexed with antigens. On the other hand, no reduction m pro- 
tein A binding capacity or in affinity of the antibodies was noted 
upon carbohydrate depletion. The implications of these fi tid- 
ings will be discussed. 

MATERIALS AND METHODS 

Cells and Reagents. Mouse anti-trinitrophenvl lanti-TNP 
antilxxb -producing hybridoma ceiis. CKH-1 CORK! IgG2b. H\ 
1.2 lgC2a. Hv2. l5Agl IgGl. and Sp6 IgM. were gifts trotn 
Georges kohler i Basel Institute tor immunology). The murine 
macrophage ceil line Ml was provided bv Vasou lchikawa (Kyotu 
Universiu Chest Disease Research Institute). Celis were kepr 
in Dulbcccos modified Eagles medium tDMF medium) con- 

Tiic publication costs ot this article were del raved m part by page charg-.* 
pavmem. V,\\* article must therefore he herein* marked "miicrtist ■ 
went m accordance with IS I'.S.C. MTo-i soielv to indicate tins fact 



uimne 109c heat-inactivated fetal calf serum (GIBCO). 100 t±z 
.n streptomycin per ml, 100 units of penicillin per ml. and 10 
m.M Hepes. Peritoneal cells were obtained from untreateci 4- 
:no-oid CBA/H mice by lavage. Spleen cells were prepared in 
-entiy teasing the spleen. Sheep erythrocytes t SRBC) storeci m 
Aisevers solution at 4°C were used. 

Tm was donated by Akira Takatsuki (Tokyo University, Fat- 
uity ot Agriculture?. Bovine serum albumin fraction V ■ Sigma . 
isephaciex G-25 and G-200. Sepharose 4B. CNBr-activateii 
Sepharose 4B. protein A-Sepharose CL-4B. and protein A from 
itannmococcus aureus ( Pharmacia if L-(4.5- 1 Hlleucine 1 136 Ci/ 
nimoi: i Ci = 37 CBq). D-t I* - l4 C) Glucosamine (277 mCi/mmoi . 
Na : ,: Cr0 4 (150-250 /iCi/^R of CrK and Na 125 l. earner free 
Radiochemical Centre), were used. 

. Biosvnthetic Radiolabeling^of Ig and TNP Binding Assay. 
Hybriaoma cells were put in the labeling medium t F 10 r^e- 
uium without L-leucine containing 15% fetal calf serum pre- 
rreated with TNP-coated SRBC. 4 mM of L-glutamine. 100 Mg 
:)f streptomycin per ml. 100 units of penicillin per ml. and 10 
mM Hepesi at a cell density of 1 x 10' 1 cells per ml. In some 
experiments (sec Fig. 1 . hybridoma cells (0.2 ml) were en- 
sured m microplates f Falcon 3040) with Tm for I hr. ( J HlLeu- 
cine and i t4 C]glucosamine tl /xCi each! were then added to eacii 
i am pie. After IS hr, the microplates were centrifuged for 30 
min at 1.000 x g to collect the supernatant. In other experi- 
ments tsee Table li, hybridoma cells precultured with Tin in 
DM E medium for 6 hr. followed by washing in Hanks' baianccc 
salt solution, were cultured with (^leucine and ( N Clgiucov 
.\mine 5 ju.Ci/mi each) in a tissue culture flask (Nunc: in the 
renewed presence of Tm for 1 S v hr. Culture supernatants were 
coiiected after centriiugation at 4.000 x g for 30 min and usee 
.is antibodies. 

Incorporation of [''H {leucine and [ M C]glucosamine into anti- 
TNP antibodies was analyzed by binding to TNP-SRBC nr«- 
;:ared as described (10). Each sample (0.1 ml) was mixed with 
4 x Hr ceils of TNP-SRBC or SRBC in 0. 1 ml of 0. 1% geiacin/ 
Veronal buffer containing 0. 15 mM CaCl 2 and 0.5 mM MgC! : 
pH 7.4 .GVB 2 *) in a microtiter plate tCooke. UK). Alter in- 
cubation lor 1 hr at 4°C. TNP-SRBC or SRBC were washed in 
GVB*" dissolved in 0.2 ml of l?r NaDodS0 4 solution. a;;ci 
■.ransferred to 2 ml of a 2: 1 'vol /vol i toluene/Triton X-100-baseci 
scintillation solution. Ig specifically bound to TNP was deter- 
mined r.v subtracting the radioactivity bound to SRBC, winch 
was uiwavs <\{)9e of that of TNP-SRBC. Furthermore, addini' 
TNP-i)ovme serum albumin {TNP-albuminj in excess did m- 
'.iibit >Wk of the binding of Ig to TNP-SRBC »data not in- 
cluded . Tiie antibody level ot eacii sample also was measures 
•n- hemagglutination til) of TNP-SRBC. 

Anhieviatmns: Tin. tumcumvcir.: SRBC. sheep erytnrnevtes: TN!'. ": * 
..:tmnnenvi: ADCC. antibocb -dependent cciiuiar cytotoxicity. TNP-.. • 
.^n:ii:i. TNP-lHivine serum albumin; C f1 . constant region of hea\r cna;:. 
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Cytotoxicity Assays. Cvtotnxicrv was Determined bv release 
of 3i Cr irom TNP-SRBC tareets 12:. In compiement-metiiatea 
iysis. I (J* tareets were incuoatec with antibodies in 0.2 mi 01 
GVB 2 * containing gumea pie ccmpiement at 3T°C tor i hr. in 
ADCC 10° Ml cells or 1"* spleen cells as effectors were in- 
cubated with Iff tareets in 0.2 rr.i of DME medium with an- 
tibodies at 37°C tor IS hr. The' percentage ot chromium re- 
leased was calculated from the rormuia: hER - CR'.'/iMR - 
CR)] x 100. where ER is experimental release. CR is control 
release in the presence oi complement or ettector ceils without 
antibodies, and -MR is maximum release obtained bv the in- 
cubation with 0.05% of Nonide: P-40 solution. 

IC-Coated TNP-SRBC and Fc Rosettes. Ic-coated TNP-SRBC 
were prepared (13) bv using control or carbohydrate-depieteu 
IeG2b antibodies in the same suohemagglutination titer. TNP- 
SRBC treated with labelinc meaium onlv were used as control 
TNP-SRBC. To assay Fc rosettes tl4). mouse peritoneal cells 
or Ml cells were used. 

Purification of IgG2b and i25 I-Labeiing of Proteins. IgG2b 
antibodies in the culture supernatant of CORK hybridoma cells 
cultured in the presence or aosence of Tm were purified by 
using protein A-Sepharose CL-iB 1 15). Some IcG2b antibodies 
were further purified on TNP-a:Dumin-Sepharose 4B f 16. 17 . 

Control and carbohydrate-depieted leG2b purified by pro- 
tein A. followed by TNP-albumin immunoabsorbent elution 1 100 
/xg each), were iodinated with ; mCi of Na l2o I IS). TNP-al- 
bumin and protein A were likewise iodinated. 

Polyacrvlamide Gel Electrophoresis. Internally radiola- 
beled, protein A-bound. and eiuted IgG2b was analyzed by 79r 
NaDodSO^/polyacryiamide eel electrophoresis as described by 
Weber and Osborn (19.. after reauction by heating in an S0°C 
water bath for 5 min in the loadine buffer (1% NaDodSO 4 /0.01 
M phosphate buffer. pH 7.0/5% 2-mercaptoethanol). After 
electrophoresis the disk eels were frozen and sliced into 1-mm 
slices. The radioactivity of f 3 H lleucine and [ u C]elucosamine in 
each slice was determined after elution into 0.3 ml of 1% 
NaDodSO* by incubation on a shaker at 37°C overnight and 
transfer to a scintillation solution. 

Preparation of Immunocomplexes and Elimination Studies 
in Vivo. l2o I-Labeled TNP-albumin (6 MgJ w as mixed with an 
excess of protein A-purified. control or carbohvdrate-depleted 
lgC2b (1 mg; in 1 mi of 0.14 M NaC!/0.01 M sodium phos- 
phate. pH 7.2 (Pj/NaCl; at 37°C for 30 min. Each mixture was 
gel-filtered on a 10-mi Sephadex G-200 column. The excluded 
pool (>97% of total -labeled TNP-albumin / was analyzed in 
a 10-ml Sepharose 4B column. The general size distribution oi 
either type of immunocomplex was found to be quite similar, 
admittedly with still some 50% oi immunocomplexes being in 
the excluded fraction. They were used as control or carbohy- 
drate-depleted immunocomplexes. 

Elimination studies oi immunocomplexes from the circula- 
tion were performed on 4-mo-oid CBA/H mice as described 
(20). i2j I cpm in serum samples 0. 1 ml eachi and in their pre- 
cipitates from 50% ammonium sulfate were determined. 

RESULTS 

Depletion of Carbohvdrate Chains on Ig Molecules. The 
TNP-specific hybridoma cells were screened for sensitivity to 
Tm-induced inhibition of secretion in relation to carbohydrate 
depletion. The IgG2b-producine CORK line allowed secretion 
of Ig molecules to a significant extent even when carbohydrate 
depletion approached 100% ( Fig. 1). In contrast, the IgM-pro- 
ducing hybridoma was more sensitive to inhibition of secretion 
than to removal of caroohydrate moieties. lcG2a and IcCl hy- 
bridoma cells behaved like the IcM hvbridoma. Thus, the CORK 
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Fig. I. { 3 HlLeucine and [ u Clglucosarmne incorporated into anti- 
TNP antibodies. i.At GORK IgG2b. (fli Spo IgM. Cells were cultured 
with the indicated concentration of Tm for 1 hr prior to biosynthetically 
labeling with f 3 H|leuctne and | 14 C]glucosamine. After 18 hr. radioac- 
tivity of secreted antibodies was analyzed by the TNP binding assay. 
Percentages of secretion-inhibition and*caroohydrate-depietion were 
calculated from the following formulas, respectively; 

3 H com with Tm \ 

( 1 = x U)0: 

^ 3 H cpm without Tm/ $ 

, M C cprnrH com with Tm . 

1 - : : x 100. 

l4 C cpm/ J H cpm without Tm/ 

Each point represents the mean of duplicate samples. 



cell line was chosen for further studies. 

We next analyzed the time required alter Tm administration 
to allow the intracytopiasmic pool of antibody molecules to turn 
over. W hen GORK cells preincubated with ( J H (leucine were 
cultured. >99% of the intracytopiasmic pool of IgC2b anti- 
bodies i J H -positive i was secreted during the first 6 hr. regard- 
less of the presence of Tm. Accordingly we chose to prein- 
cubate GORK celis with Tm for 6 hr. followed by washing before 
radiolabeling, as shown in Table i. IeG2b antibodies obtained 
from such Tm-treated CORK cells were dramatically reduced 
in [ M C!glucosamine content while retaining normal hemagglu- 
tination titers when compared at the same protein ([ -1 H lleucine) 

Table 1. Anti-TNP monocional IgG2b antibodies depleted of 
carbohydrate contents in the culture supernatant of GORK 
hvbridoma cells 



Tm. 

Mg/ 

Batch mi 



Incorporation into 
antibodies bound to 
TNP-SRBC. com 



l T]Glucos- 
amine 



Hemag- 
giuti- 

. ■"; caroo* nation of 
hydrate TNP-SRBC, 
[^HlLeucme aeoietion* dilution titer 



A 


0 


965 - 


130" 


7.780 ± 


220 




3 x 2* 




i.5 


50 - 


10 


3.055 = 


155 


57.1 


3 x 2 4 


B- 


0 


3.035 - 


260 


4.405 * 


305 




3 x 2 5 




1.0 


143 : 


9 


1.740 - 


105 


57.7 


3 x 2 4 


c 


0 


362 - 


50 


7.708 - 


194 




3 x 2 5 




i.O 


53 - 


16 


4.700 - 


78 


50.9 


3 x 2- 



" Calculated according to the formula snown in Ftc. 1 

'The mean cpm of triplicate samples - SD. 

: DME medium was used instead of F10 medium. 
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.:>ncentration. Moreover, by using NaDodSO.,. r. :i\ acrviamiue 
:ei eiectrophoresis. protein A-oouna anci eiutec iz moiecuics 
jatch C. Table li were shown t: oe hiehlv ce^ieteci of car- 
:>ohvdrate contents normally linkec: :s the hea\-v crams or IeC2i) 
:;ioiecules tnot shownj. In addition, no signincant amount ot 
"ptit peptide fragments of carboir-drate-depieteu icG2b mol- 
ecules was observed. 

Impact of Carbohydrate Deficiency in IeG2b Antibodies. 
i ailure to influence tine antieen-oinatna capacvt or protein A 
'incline, abilitu. The Farr precipitation assav \\\\\ detect differ- 
ences in avidity (21). Absence of earoohydrares had no dr- 
:ectable effect on the capacity of IeG2b antiboaies to react with 
FNP (Fie 2A). Protein A from Stavhvlococctts aureus has the 
-:eiect ability to react with a region involving tne C M 2 and C H o 
domains of the heavy chain constant regions iC H of most mam- 
:naiian IgG classes (23. 24). Normal and carbohvarate-deficient 
ieC2b antibodies displayed identical protein A binding ca- 
pacity (Fig. IB). C H 2 or C H 3 domains do not aione bind to pro- 
tein A (25). The interaction requires an intact Cn2-C H 3 inter- 
race (24). Thus, we can conclude that absence of carbohydrates 
lias no general effect on conformation of the Fc region of IgG2b 
intibodies as measured by protein A. 

Reduction in Fc receptor binding ADCC abituu. Fc recep- 
tors on mouse macrophages recognize sites present at the C H - 
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domains ot mouse IeG2b moiecuies U . Normai and caroo- 
hydrate-deficient IgG2b anti-TNP antioodies were used for 
coating TNP-SRBC anu subsequent testing for rosette forma- 
tion with peritoneal macropnages or tne macrophage ceil line 
Ml (26). Carbohydrate-deficient antibodies largely failed to in- 
duce such rosette formation (percentage reduction. 919c for Ml 
cells and 90% for peritoneal macropnages,. Likewise, when the 
ability of ^I-labeled TNP-albumin-anti-TNP immunocom- 
plexes to bind to these cells was anaivzed. no significant bind- 
ing was noted in the complexes made up from carbohydrate- 
deficient antibodies iFig. 3A). No differences in the formation 
ot both types ot antibodies were noted when measured in an- 
other assay, the Farr system i Fie. 3B;. Furthermore, in ADCC 
with either Ml or whoie spleen ceiis as effector cells (Fig. 4j. 
antibodies lacking carbohydrates were virtually inactive as in- 
ducing agents (Vir to as efficient as the corresponding nor- 
mal antibody molecules . Thus, the data obtained would in- 
dicate that the carbohydrate chains present in the IgC2b C n 2 
domains are fundamental in creating a proper recognition be- 
tween IgG and the macrophage Fc receptor. 

Reduction in complement activation capacity. Our studies 
had shown that binding to TNP-coated erythrocytes was iden- 
tical for normal and carbohydrate-deficient antibodies (Table 
1). The abilitv of the latter to lyse TNP-SRBC was. however, 
significantly impaired in complement^mediated lysis (Fig. 5; 
'-75% reduction). To exclude the possibility that natural an- 
tibodies present in guinea pig serum against murine IgC2b car- 
bohydrates may cause the observed differences, we also used 
guinea-pig complement pretreateS with a normal GORK IgC2b 
immunosorbent. The results demonstrated, however, an even 
greater reduction in complement-activating capacity of the car- 
bohydrate-deficient antibodies ( Fig. 5*. The binding site for the 
CI complement factor is localized to the C M 2 domain of IgG 
;27). The reduction in complement-inducing ability was in the 
same order of magnitude as the carbohydrate depletion isee 
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r iG. 2. Antigen-binding capacity of IgG2b antibodies i A \ and pro- 
ein A binding capacity (B), The antibodies inot purified: batch A of 
!'abie D— control (O) and carbohydrate-depleted were used in the 
ame hemagglutination in both experiments. iA) Based on the Farr 
echnique (22). l25 I-labeled TNP-albunun < :25 I-TNP-albumm n0. 14 Mg; 

x 10* cpmi was incubated with the antibodies senaiiy diluted in 0.5 
nl of the labeling medium at 4°C overnight, and then tne 50<r am- 
monium sulfate-precipitable radioactivity of 1M I-TNP-aibumin was as- 
riyed. Ammonium sulfate precipitation of l25 I-TNP-aioumin aione in 
r.e labeling medium did not exceed 5 r c of trichloroacetic acid-Drecip- 
able radioactivity, (B) '"[-Labeled Drotein A < 125 I-Drotein Anb.l ng: 

x to 5 cpmi was incubated with IgG2b-coated TNP-SRBC or non- 
aated TNP-SRBC serially diluted in 50 u\ of \% ovalbumin /P,/NaCl 
: nitial cell number. 5 x 10 6 ). After incuoation at 4 d C for i nr. each sam- 
ae was washed in \% ovalbumin/Pj/NaCl. and then tne radioactivity 
oecifically bound to IgG2b-coated TNP-SRBC was determined bv sub- 
racting the amount of l25 I-protein A oound to noncoated TNP-SRBC. 
!ach point represents the mean of triplicate samples = SD. expressed 
.£ the percentage of 10?c trichloroacetic acid-precipitabte radioactivitv 
i administered 125 I-TNP-albumin or ::! !-Drotein A. 
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FlG. 3. Immunocomplex binding of Ml cells, immunocompiexes were 
prepared in the mixture of ;i5 I-labeled TNP-albumin i 125 I-TNP-albu* 
mini (0.3 ug; 1 * 10 s cpmi and i ml of the antibodies i not purified; batch 
A of Table 1 ) — control (o> or carbohydrate-depleted (• t — which had been 
adjusted to the same hemagglutination and serially diluted with the 
labeling medium. (A) Ml ceiis ( 10") weremcuoatedinO.l mi of the mix- 
ture of immunocompiexes at 4 ; C for I hr. After the cells were washed, 
the radioactivity of l25 I-TNP-aibumin bound to Ml cells was assayed. 
Each point represents the mean cpm - SD from triplicate samples. (ST 
The relative amount of immunocompiexes in the mixture was tested by 
the Farr technique isee Fie. 2A). Each point represents the mean from 
duplicate samples. 
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IgG2b dilution ✓ 2" \ 100 

Fig. 4. ADCC of Ml cells (A) and spleen cells (flj against 5 *Cr-ia- 
?led TNP-SRBC. IgG2b antibodies— control (C) and carbohydrate-de- 
ieted — which had been purified from batch B of Table 1 by a pro- 
-in A column, were used in the same hemagglutination. Each point 
presents the mean of triplicate samples r SD. Control release of 5 'Cr- 
eeled TNP-SRBC was 21% of the incorporated count; maximum re- 
ase was 969c. 

ible T. Thus, absence of the carbohydrate chains normally 
calized to C H 2 domains may inactivate the CI site as to its 
during/binding ability. 

Failure of immunocomplexes to display a rapid elimination 
vivo. We next studied the capacity of carbohydrate-deficient 
itibodies in vivo to cause elimination of immunocomplexes 
>m the circulation. I25 I-Labeled TNP-albumin was used to 
eate complexes with either normal or carbohydrate-deficient 
itibody molecules. The rate of elimination of such immuno- 
mplexes from the circulation did differ dramatically, at least 
itially: whereas normal antibody-antigen complexes were 
pidly eliminated, carbohydrate-deficient antibody-antigen 
mplexes were eliminated at the same rate as antieen alone 
'ig. 6 Left). This difference was further emphasized by the 
iding that the amount of antigen still in combination with an- 
>ody in serum after 30 and 90 min was only 67.5% and 35.89c 
r the normal antibody-antigen complexes in contrast to 93.09c 
d 68.8% for the carbohydrate-deficient complexes (analyzed 
radioactivity precipitable in 50% ammonium sulfate solu- 




IgG2b dilution - 2' ; ■ 10 



IG. 5. Complement-mediated cytotoxicity of IgG2b antibodies 
.inst 5i Cr-labeled TNP-SRBC. Both antibodies mot purified: batch 
f Table 1)— control (c) and carbohydrate-depleted <•»— were used 
he same hemagglutination. The antibodies in serial dilutions were 
abated with M Cr-labeled TNP-SRBC in the presence of guinea pig 
iplement. which had been absorbed with TNP-SRBC < — - or corv 
. lgG2b-coated TNP-SRBC '-— ■ in Pj/NaCl at 4 C C. Each point rep- 
ents the mean of triplicate sampies r SD. Control release of 51 Cr- 
■eied TNP-SRBC was 99c of the incorporated count; maximum re- 
-e was 95^. 
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Fig. 6. Elimination of IgG2b complexes (Left) and IgG2b antibod- 
ies alone [Right). Lanes: A. antieen aione [ l25 I-labeled TNP-albumin 
:25 I-TNP-albuminf]: B. control IgG2b complexes < l25 I-TNP-albumm - 
control lgG2b); C, carbohydrate-depleted IgG2b complexes i 12a I-TNP- 
albumin - carbohydrate-depleted IgG2b): D. l25 Mabeled control IgG2b: 
E, l25 I-laheied carbohydrate-depieted IgG2b. Each point represents the 
mean r SD from at least four mice expressed as the percentage of the 
administered dose of radioactivity remaining in circulation 30 min or 
90 min after injection. Values for lanes B. C, D, and E were calculated 
from 509c ammonium sulfate-precipitable.radioactivity. 

tioni. On the other hand, carbohydrate-deficient antibodies aione 
were almost eliminated in the same manner as control Ig mol- 
ecules iFie. 6 Right). $ 

DISCUSSION 

We have attempted to analyze the role of carbohydrate chains 
on monoclonal antibody molecules in their biological functions. 
Tm. a select inhibitor of dolichoi-dependent glycosylation i9. 
2S), in combination with an anti-TNP reactive hybridoma cell 
line. CORK, allowed production and secretion of carbohy- 
drate-deficient IgC2b molecules in useful amounts. Absence of 
carbohydrate chains in the C H 2 domains of IgG2b antibodies 
29) induced by this procedure had drastic and seiect conse- 
quences as to antibody effector functions. No impact was noted 
with regard to fine antigen-binding specificity or ability to react 
with protein A from Staphylococcus aureus. However, car- 
bohydrate removal did reduce, close to completely, some other 
biological functions of the Ig molecules; namely, ADCC. bind- 
ing to Fc receptors on macrophages, complement activation, 
and rapid elimination of antibody-antigen complexes from the 
circulation. 

The Ch2 domains of IgG2b are known to be essential for ef- 
ficient binding to the corresponding Fc receptors on macro- 
phages 1 14'. The binding site for Clq is also localized to the Cu'2 
domain of IgG (27). Vet several sets of results indicate that ad- 
ditional conformational features of Ig molecules contribute to 
Fc receptor binding and ability to activate complement. For 
instance, variations in C H 1 or the hinge region, or both, may 
completely eliminate Fc receptor binding capacity (30. 31) and 
also may affect seriously complement activating capacity (31. 
12). On ttie other hand, the carbohydrate chains in the cor- 
responds human IgGl molecules not only cover a hydro- 
phobic patch in Ch2 domains (33) but extend to involve regions 
between C H 1 and Ch2 (34). Thus, it is possible that allostenc 
changes of leG molecules because of bindinc to "rigid" -anti- 
gens mav lead to a carbohydrate chain-dependent change in 
C H 2. The carbohydrate chains in Ic molecules in aggreeates or 
immunocomplexes are also more flexible (35 j and accessible 
36) than in the native antibody molecule. It is possible that such 
carbohydrate chains directly participate in tiie reaction with the 
Fc receptors or Clo or both. Alternatively, their increased flex- 
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■iiitv may mereiv reflect chances :n the poiypepticie structure 
; C M 2 domains, makme these reactive with Fc receptors or 
implement tactors. 

The reuion between Cu2 anci Cw3 recoenized bv protein A 
rom staphylococci ( '23-25 - is uncnaneed in the carbohydrate- 
ickine antibodies, excluding earner claims that the Fc recep- 
.;rs and protein A react with the very same stcric contieura- 
:ons on IeG molecules .37:. Stuaies on hybrid molecules 01 
<zG2b and IeG2a have indicatec. that the abilitv ot C t! - do- 
mains to exert Fc receptor bindinc or complement bindine. or 
:0th. may be indirectly impaired by amino acid chanees outside 
'[i2 (30). However, no studies as to the possible roie oi car- 
bohydrates were performed in these experiments. The present 
tudies and those invoivine actual modifications oi the peptide 
jarts of Ig molecules suggest the possibility of obtaining an- 
tibodies devoid of select biological functions. Such reaeents not 
inly may have potential therapeutical possibilities but also should 
ielp to elucidate basic underlying mechanisms of the bioiocicai 
unction of Fc regions of IgG antibodies. 
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786 RADEMACHER. PAREKH. & DWEK 

PERSPECTIVES AND SUMMARY 

It has become evident that a revaluation of the biological role of oligosac- 
charides is necessary. Oligosaccharides exist mainly in covalent association 
with proteins or lipids, consequently both intramolecular and intermolecular 
functions are simultaneously influenced by the carbohydrate. Changes in 
protein stability, rate of proteolysis, thermal stability, solubility, etc that 
occur when glycosylation variants are generated experimentally support the 
idea that intramolecular interactions involving both carbohydrate and 
polypeptide define the physical properties of a glycoprotein. Paradoxically, 
dramatic changes in the structures of the oligosaccharide moieties of glyco- 
conjugates often are associated with oncogenic and ontogenic events without 
affecting cell viability. The structural and functional roles of oligosaccharide 
moieties of proteins are interdependent and controlled variation in the struc- 
tures is necessary. At any developmental stage cells may have solved the 
biosynthetic problem of controlled variation by making not just one glycopro- 
tein (i.e. protein with a single oligosaccharide at each site) but by coding for 
large repertoires of a protein, each variant with different covalently attached 
oligosaccharides. This pool of protein glycoforms would contain distinct 
members, each of which may have a unique spectrum of biological activities 
while maintaining the intramolecular characteristics necessary for structural 
integrity. Hence, a glycoprotein's composite activity, which a cell can 
control by varying the relative incidence of each glycoform. Displaying the 
entire spectrum of oligosaccharides simultaneously (i.e. microheterogeneity) 
may be necessary to avoid immunogenicity at later developmental stages. 

A more flexible mechanism that allows for the interdependence of the 
structural and functional roles of oligosaccharides can be envisaged if the 
polypeptide directs its own izlycosylation. The biosynthesis of oligosacchar- 
ides while covalently attached to folded peptide domains appears to be 
controlled in part by polypeptide-oligosaccharide interactions involving 
stabilization of oligosaccharide conformers by peptide. Recognition of, or 
failure to interact with, specific oligosaccharide conformers (in addition to 
steric restraints) by processing enzymes, continues or diverges the biosynthe- 
tic pathway. Control of the expression of glycosidases and transferases by the 
cell gives rise to cell-type-specific glycosylation patterns. Clearly, the separa- 
tion and isolation of individual glycoforms should provide researchers with 
natural variants to probe the functional properties of the oligosaccharide 
moieties of glycoproteins. 

In this review we hope to place into perspective those experimental findings 
that are directing the current theories concerning the role of N-linked oligo- 
saccharides in mediating protein-specific biological activity. The role of 
N-linked oligosaccharides in modulating the physicochemical properties of a 
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glycoprotein will not be discussed. Several other reviews have appeared 
dealing with various aspects of glycoproteins or oligosaccharides: biosynth- 
esis ( 1 . la), oligosaccharide structure (2), oligosaccharides as antigenic deter- 
minants on glycoproteins (3, 4), glycosylation mutants (5), intracellular 
targeting (6), physicochemical properties (7). and solution conformation (8). 
In addition, we note the recent recommendations of the IUPAC-IUB Joint 
Commission on Biochemical Nomenclature concerning the nomenclature of 
glycoproteins, glycopeptides. and peptidoglycans (9). 

GLYCOFORMS 

Definition 

Characteristics of polypeptide N-glycosylation include the following [for a 
di$cu>*ion see t2)j: \a\ different glycoproteins from the same cell may contain 
different oligosaccharide structures: Kb) an individual polypeptide usually 
carries several different structures: ic) many structures are found at the same 
glycosylation site (commonly referred to as site heterogeneity); (d) the pattern 
of oligosaccharide heterogeneity at a single glycosylation site during a con- 
stant physiological condition is reproducible and not random; and (e) the 
cell-type plays a role in oligosaccharide processing. This form of postrad- 
iational modification of a polypeptide therefore serves to create discrete 
subsets (glycoformsi of a glycoprotein that have different physical and bio- 
chemical properties that may lead to functional diversity. Where there is only 
one glycosylation site, the number of glycoforms is simply the number of 
different oligosaccharide structures at that site. The number of possible 
glycoforms increases dramatically as either the number of glycosylation sites 
or the heterogeneity at each site increases. In short, glycosylation of a 
polypeptide creates a set of glycoforms all of which share an identical 
polypeptide but differ with respect to glycosylation (i.e. the same 
polypeptides with oligosaccharides that differ either in sequence or in disposi- 
tion). The relative sizes (Figure 1) of the different oligosaccharides may also 
alter considerably the three-dimensional space occupied by such glycoforms. 

A recent study of rat Thy- 1 illustrates the need to consider glycoforms in 
defining a given polypeptide (10). This protein is the smallest member of the 
immunoglobulin superfamily (11). and in rats and mice is a major cell-surface 
glycoprotein of thymocytes and brain. The Thy-1 polypeptide has 1 1 1 amino 
acids, is attached to the membrane by a glycosyl-phosphatidy [inositol anchor 
(12. 13). and is N-glycosylated at three sites (Asn-23, -74, and -98 in rat). 
Figure 2 demonstrates the relative sizes of the polypeptide and oligosaccha- 
ride pans of Thy-1. A significant contribution to the surface area of the 
molecule is made by the glycan moieties. Indeed, when the Thy-1 molecule is 
bound by its anchor to the membrane, the polypeptide appears to "float" 
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within an oligosaccharide shell (Figure 3). The solubilization of Thy- 1 by 
release from its lipid tail (e.g. by PI-PLC. see I3ai would effectively expose a 
nascent fourth glycan moiety. 

A set of "composite" glycoforms of rat Thy- 1 based largely on a determina- 
tion of the class of oligosaccharide at each site is shown in Figure 4. Any 
actual glycotbrm would be derived from a particular one of these composite 
forms by taking into account the microheterogeneity of the structures within 
each class. Comparing the set of glycoforms constituting rat brain Thy-1 to 
that constituting rat thymocyte Thy-1 shows that in the rat. brain Thy- 1 and 

in common. Obviouslv. the two 
tissues have quite different glycosylation capacities (i.e. glycon<pes—$ee 
section on species-specific and tissue-specific n-glycosylation). A com- 
plete definition of the Thy-1 molecule must therefore include a set of alyco- 
forms and by this definition rat brain and thymocyte Thy-1 are different 
molecules. 

Biosynthesis 

Recent data suggest that oligosaccharide biosynthesis at a given glycosylation 
site is not independent of the biosynthetic events occurring at other glycosyla- 
tion sites, thus giving rise to only certain allowed glycoforms. Such an 
interaction would be necessary if the oligosaccharides of cell-surface gly- 
coproteins are recognized in clusters and not individually < 10), and this could 




sX 

Figure J. Schematic representation of Thy- 1 with a glycophospholipid membrane anchor. The 
molecule is built up from that shown in Figure 2 by first making the disulfide bridge involvine the 
terminal cystine and then by attaching a glycosylphosphatidylinositol (GPI) anchor (137). The 
glycan moiety in the anchor is linked via phosphate groups to the ethanolamine-protein and to the 
lipid. An additional ethanolamine is attached to a mannose residue of the glycan. 
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be one reason why the majority of glycoproteins contain multiple glycosyla- 
te sites. For example, thymocyte Thy-1 can be separated bv lentil lectin- 
agarose chromatography into two fractions, termed Thv- 1 L+ (lentil lectin- 
retarded) and Thy-1 L- (lentil lectin-unretarded). Lentil lectin has high 
affinity for structures with fucose linked at the C-6 position of the reducing 
terminal N-acetylglucosamine residue. GlcNAc-1 (i.e. "core" fucosvlation). 
However, "core"-fucosylated triantennary structures containing outer chains 
inked at the C-2 and C-4 of Mana 1-^3(6) residues do not interact with the 
ectin (14-16). Comparing the N-glycosylation of thymocyte Thy-1 L+ and 
c °nfinns the specificity of this lectin as determined using glycopeptides. 
and indicates that the fractionation by lentil lectin is mainly based on the 
nature of the triantennary structures at site 74 (10). Yet structures at the 
passenger' sues (of Asn-23 and -98), which are not directly involved in lentil 
tectin binding also correlated with the separation (10). This indicates that 
iN-giycosylation at one site may be influenced by events at different sites. 
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An analysis of the immunoglobulin G molecule provides clear evidence for 
direct interactions between N-linked oligosaccharides, with the result that 
only certain IgG glycoforms appear to be allowed (17). In IgG there is a 
conserved N-glycosylation sequon at Asn-297 in each of the C H 2 domains, 
and the two oligosaccharide units are in direct contact with each other, and 
form a bridge across the two domains (Figure 5). At least 30 complex-type 
biantennary oligosaccharides are associated with serum IgG (17, 18). but 
X-ray crystallographic (19), and oligosaccharide sequence studies (17, 18) 
have shown that there is a restriction in pairing of the two oligosaccharides 
across the domains. This leads to there being different monosaccharide 
sequences on the a(l^>3) arms of the two oligosaccharides in some Fc 
moieties. One of these arms must always be devoid of galactose, thereby 
exposing the /3(1— >2) GlcNAc residue, which then interacts with the Man- 
/3H1— »4)GlcNAc core segment of the opposing oligosaccharide chain. The 
a( 1— »3 I antenna of this latter chain can extend outward between the domains 
with no apparent steric restrictions on the primary sequence up to and 
including the terminal sialic acid residue. Despite having identical amino acid 
sequences, therefore, the two heavy chains of some IgG molecules carry 
N-linked oligosaccharides of different primary sequence. N-linked oligosac- 
charides are also attached to the Fab region of IgG (17. 20) with a frequency 
and location dependent on the occurrence of the Asn-Xaa-Ser(Thr) sequon in 
the hypervariable region (21. 22^ 291). The occurrence and nature of Fab 
N-glycosylation will lead to further diversification of an IgG. Although the 
roie of the Fab oligosaccharide is not known, there is increasing evidence that 
IgG forms containing Fab oligosaccharides may be preferentially involved in 
IgG self-association, aggregation, and cryoprecipitation (20, 23. 24) (see 
glycosylation in disease section). Fractionation of other purified glycopro- 
teins based on carbohydrate have been reported for a-l-antitrvpsin (25). 
transferrin (26), and ovomucoid (27). 

Control of Biological Activity through the Nature of 
GlyCosylation 

The glycosylation of a protein may contribute to and be an intrinsic part of its 
physiological activity. Any given glycoprotein that consists of different gly- 
coforms will therefore have a "composite" activity, reflecting a weighted 
average of the activity and incidence of each giycoform. The set of glyco- 
forms of a given polypeptide expressed by an organism is dependent on its 
physiological state. Examples include the controlled variations in the N- 
glycosylation of human serum transcortin and thyroxine-binding globulin 
(two hormone-binding serum glycoproteins) during pregnancy (28), changes 
in hepatic N-glycosylation of a x -antitrypsin and a { -acid glycoprotein 
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Figure 5 Refined structure at 2.8 A of rabbit Fc fragment from the crystai data of Sutton & 
Phillips 19). The two carbohydrate chains, each attached at Asn-297. differ in conformation and 
may also differ in sequence and bridge the two C H 2 domains. The a( l->3) arm of the chain (left 
side) is always devoid of galactose and interacts through its 0f l->2)-Iinked GlcNAc residue with 
the Man3i 1— aiGIcNAc segment of the opposing (right side i oligosaccharide chain. The a( !->3) 
arm or :rc nshi chain extends outward between the domains w ith no apparent stenc constraints on 
its lengtr. A NouNAc unit is shown on one at l->6) arm only sieni. The electron density for this 
unit is weak and. experimentally, no disialylated oligosaccharide chains occur on the Fc. The 
letter- represent monosaccharide residues (see Ref 18 for nomenclature). 

during acute inflammation (29), and changes in outer-arm galactosylation of 
human serum IgG N-linked oligosaccharides during aging (30) (see 
glycosylation in DrsEASE section). These variations may significantly affect 
the bioactivity of the glycoprotein in question. For example, thyroid releasing 
hormone (TRH) (a tripeptide) increases the rate of secretion of TSH by 
hypothyroid mouse pituitaries in vitro (31). The TSH produced in response to 
TRH has a greater specific bioactivity than the basal TSH. Fractionation, by 
serial lectin affinity chromatography of the glycopeptides of TSH secreted 
with or without TRH-stimulation, indicated a change in the structures of 
TSH-associated oligosaccharides (31). It was considered unlikely that the 
changes in oligosaccharide structure are secondary to a change in the 
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polypeptide (31), raising the possibility that the increased specific bioactivitv 
of TSH secreted after exposure of the pituitary to TRH (32) (both in vivo and 
in vitro) is due solely to a change in the oligosaccharides of TSH. The up (and 
down) regulation by glycosylation of the bioactivity of glycoproteins that 
interact with cell-bound receptors is becoming a recumng theme in the 
analysis of oligosaccharide function (49. 276a). 

Glycosylation of hormone receptors may also provide a means of regulating 
the binding of their ligands. A powerful approach to examining the role 
of glycoforms in receptor function in intact responsive cells comes from the 
use of mutant cells with well-defined genetic defects in oligosaccharide syn- 
thesis (5). The use of wild-type and mutant cell lines (B4-2-1 and Lec 1) 
derived from Chinese hamster ovary <CHCM cells has allowed the effect of 
glycosylation of the insulin receptor to be studied (33). The mutant B4-2-1 
cells transfer to proteins a 'Tive-mannose" lipid-linked oligosaccharide 
iGlc 3 Man5GlcNAc 2 -dolichol). Lec 1 cells lack the enzyme 0-N-acetylglu- 
cosaminyl transferase- 1 (which puts on the first GlcNAc/31^2 residue on the 
Manal— >3 arm of Man 5 GlcNAc2), an event that is necessary for subsequent 
normal processing to complex-type oligosaccharides. Insulin binding to B4-2- 
I ceils is increased, while that to Lec 1 cells decreased, compared with the 
wild type. The authors concluded (33) that the higher affinity in B4-2-1 cells 
resulted from an increased number of complex-type oligosaccharides present 
on the insulin receptor (i.e. increased incidence of this particular glycoform 
type) compared with the wild-rvpe. and the converse for Lec I. Interestingly, 
there were no differences in the binding of the insulinlike growth factor 
(IGF-1) to the three cell lines, raising the possibility that the binding prop- 
erties of specific hormone receptors (such as for insulin), can be selec- 
tively controlled on the cell surface via the expression of distinct sets of glyco- 
forms. 

An interesting example of the functional behavior of different glycoforms 
comes from the studies (34) on antithrombin III (AT-III), which is a glycopro- 
tein that inactivates thrombin and other activated coagulation proteases. The 
rate of protease inhibition is dramatically increased by AT-III binding to 
heparin. Two distinct forms of antithrombin III, designated AT-IIIa (the 
predominant species. 85-90%). and AT-III0 (10-15%), have been isolated 
from normal human plasma. The amino acid compositions of each form are 
very similar, the gross protein structures are the same, and their reactivity 
toward antithrombin Ill-specific antibodies is identical. However, the two 
species differ in their attached oligosaccharides and importantly, the minor 
form (AT-III0) binds more tightly to heparin and inhibits thrombin more 
rapidly. Although further analysis of the oligosaccharides is still required, this 
result suggests that ''physiological properties of plasma glycoproteins may be 
sensitive to subtle differences in their carbohydrate side chains" (34). 

Modulation of binding properties by oligosaccharides has also been re- 
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ported for the binding of the glycoprotein fibronectin to gelatin (35). Col- 
lagenous proteins are involved with fibronectin in forming a fibrillar network 
on the surface of various cells including connective tissue cells. The presence 
of poiylactosamine-containing oligosaccharides on the gelatin-binding do- 
main of fibronectin results in weaker binding to the gelatin, compared with 
fibronectin. which carries smaller, complex-type oligosaccharides. The 
differential expression of these glycoforms could result in fine control of the 
fibrillar network as may be required, for instance at different stages of 
development. 

A study of the rat liver asialoglycoprotein receptor demonstrates the ver- 
satility of glycosylation in diversifying a polypeptide. This receptor, which is ) 
responsible for the selective uptake of partially deglycosylated serum gly- 
coproteins, consists of multiple polypeptide species (RHL-1, RHL-2, RHL-3) 
f'36). The two minor forms (RHL-2 and RHL-3) are glycoforms and differ 
oniy in the carbohydrate structures that are attached to homologous 
polypeptide backbones. RHL-1. the predominant species, is homologous to 
the minor forms, but contains one major insertion of 18 amino acids near its 
NH : terminus. However, the position of one of the N-linked carbohydrate 
attachment sites differs from RHL-2/3. This study is important in that it 
suggests that the unglycosylated Asn/Xaa'Ser(Thr) polypeptide sites may be 
utilized to create further variants of a glycoprotein (i.e. the same oligosac- 
charides, but in different positions). 

Control of Biological Activity through the Occupancy of 
Glycosylation Sequons 

Support for the hypothesis that the extent of glycosylation can control the 
bioacnvitv of a polypeptide comes from the elegant studies on IgE synthesis 
(37, 38). which is regulated by the IgE-binding protein. Depending on the 
occupancy of glycosylation sequons. this regulatory protein either enhances 
(IgE potentiating factor), or suppresses (IgE suppressing factor) IgE synthe- 
sis. 

Extrinsic tissue plasminogen activator (tPA) is a serine protease that con- 
verts plasminogen into plasmin and can thereby induce clot lysis (fibrinoly- 
sis). Its value as a thrombolytic agent (compared with plasminogen activators 
such as urokinase and streptokinase) lies in its clot-specific binding to fibrin. 
tPA is a glycoprotein of 527 amino acid residues (M T - 70,000), with four 
potential N-glycosylation sites (39). Cells produce it, however, in two variant 
forms. I and II. which differ in the number of attached oligosaccharides (40). 
Type I tPA has three N-linked oligosaccharides while type II tPA carries oniy 
two. Both types have similar kinetic constants in amidolytic assays, using 
small chromogenic substrates. However, the two types do differ in the rate at 
which they form an active complex with fibrin, which is able to cleave 
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plasminogen. These kinetics are characterized by a phase transition (lag- 
phase), which is longer for type I tPA than for type II. When the oligosacchar- 
ides are removed, tPA cleaves plasminogen in the absence of fibnn. although 
the affinity for fibrin is unchanged (41). These data together imply that" a 
physiological consequence of tPA N-glycosylation is to downregulate the tPA 
(i.e. to prevent tPA from convening plasminogen to plasmin in the absence of 
a fibrin clot). Further, the different extents of giycosyiation of types I and II 
tPA, with the consequent difference in their relative lag-phase in'the presence 
of fibrin, may confer a greater control and sensitivity to tPA-mediated throm- 
bolysis (i.e. fast- and slow-acting forms). It may also be relevant that plasmi- 
nogen itself also exists in two forms, 1 and 2. with either no or one N-linked 
oligosaccharide units attached (42). The occupancy of N-linked giycosyiation 
sites on tPA is also associated with the efficiency of secretion (298). 

Univalent monoclonal antibodies, produced from hybrid myelomas, have 
enhanced cytotoxic properties (43). Interestingly, a set of monovalent anti- 
bodies appears to be produced naturally via asymmetric modulation of 
(Fab') 2 , as a result of giycosyiation. Serum IgG from most species can be 
subfractionated by chromatography on a Concanavalin A agarose affinity 
column. The bound fraction, normally ea. 5-15^r of the totaflgG, contains 
those IgG molecules that have cytophilic potential (44) (Le. antigen- 
independent activation of macrophages). Similar fractionation of the (FabM 3 
and Fab fragments of precipitating, and nonprecipitating antibodies (45. 46) 
has demonstrated that Concanavalin A retains all the (Fab' ) 2 but only 50% of 
the Fab from nonprecipitating antibodies. B\ contrast, no fragments from 
precipitating antibodies are retained. When the nonprecipitating antibodies 
are incubated with endo-/3-N-acetylglucosaminidase H. they are converted 
into precipitating antibodies. Therefore, the asymmetry of the nonprecipitat- 
ing antibody molecules is due to carbohydrate \ puraiiveiy of the olisomannose 
or hybrid classes), which is present on only one of the Fab arms. This 
oligosaccharide probably affects the interaction between the Fab-combining 
site and its antigen and renders the molecule functionally univalent. The 
presence of a non-complex-type oligosaccharide on the nonbinding Fab arm 
of the IgG. may itself have an additional roie in acting as a receptor for the 
serum mannan-binding protein (47), a lectin specific for mannose and N- 
acetylglucosamine, which activates complement through the classical path- 
way. 

Research on the glycoprotein human granulocyte/macrophage colony 
stimulating factor (hGM-CSF), which regulates the growth and differentiation 
of certain blood cell types from progenitor cells, has demonstrated that it is 
crucial to measure any effects of altered giycosyiation against the "native" 
glycoprotein in a "native" assay system. When this protein was produced 
from a recombinant source (in Escherichia coli) (48) in which no glycosyla- 
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tion occurs, the molecule exhibited the in vitro activities of the native form 
except that it failed to stimulate erythroid-burst promoting activity, suggesting 
that glycosylation may be essential for this activity at least, and emphasizing 
the range of activities of a single glycoprotein. Recombinant hGM-CSF has 
also been produced in yeast (49) [which essentially produces only N-linked 
oligomannose-type structures (51)], in Chinese hamster ovary cells (49) 
[which will produce hamster-specific glycosylation (2)], and in SV40- 
transformed COS cells (50) (see Associations of N -Glycosylation with 
Tumorigenic and Metastatic Phenotypes section for the glycosylation charac- 
teristics of transformed cells). Degiycosylation of these "native" glycopro- 
teins in all cases resulted in a substantial increase in specific activity (approx- 
imately sixfold higher). The authors' conclusion is that 'carbohydrate mod- 
ification is not necessary to allow the full range of progenitor cell stimulation 
provided by mature hGM-CSF' (50). However. u c n^o that this increase in 
specific activity is measured against an inappropriate baseiine. which does in 
fact suggest a downregulatory role for the oligosaccharide, which may be 
important in a physiological context, as may be the case for tPA. 

SPECIES-SPECIFIC AND TISSUE-SPECIFIC 
N-GLYCOSYLATION — GLYCOTYPES 

Species-Specific S -Glycosylation 

The species-specifity of N-glycosyiation is now well-established (for a recent 
review, see Ref. 2), and has several important implications. In particular, 
since viruses utilize their host cell's glycosylation apparatus, species-specific 
glycosylation can influence viral tropism. as discussed in a later section 
host-cell glycosylation of viruses. Similarly, the expression of glycopro- 
teins in a variety of host cells derived from different species will lead to the 
isolation of a polypeptide glycosylated in a manner characteristic of the 
species in whose cells it was expressed. 

For example, a nonreducing terminal GaljSl— 3 residue is characteristic of 
serum glycoproteins of bovine and rat species [e.g. bovine prothrombin. 
Factor X, Clq, and flbronectin (2)]. Similarly, rat a,-acid glycoprotein is 
N-glycosylated in a quite different way from human a,-acid glycoprotein, the 
major difference relating to the degree of branching, fucosylation, and outer- 
arm decoration of the complex oligosaccharides (52). A particularly detailed 
study has been made of the N-glycosylation of y-glutamyl transpeptidase 
(y-GTP) expressed in liver and kidney of bovine, mouse, and rat species. 
Mouse kidney y-GTP contains oligosaccharides with outer-arm fucose, a 
linkage that is totally absent in rat and bovine kidney y-GTP. Rat liver y-GTP 
differs from mouse and bovine liver y-GTP in the degree of branching and 
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sialylation of its attached N-linked oligosaccharides (2. 53-56). The quali- 
tative nature of these differences in glycosylation between species makes it 
unlikely that they principally reflect the minor difference in polypeptide 
structures between various species, and is taken as strong evidence for 
species-specific N-glycosylation, 

Recently, it has been shown that an inverse relationship exists between 
species-specific glycosylation characteristics and the presence of naturally 
occurring antibodies against carbohydrate epitopes present in other species. 
For example, the terminal Galal^3Gal structure is present in New World 
Monkeys and nonprimate mammals, but absent in humans and Old World 
Monkeys (57). These latter species contain high levels of natural antibody 
total serum IgG) against the Galc*I-*3Gal epitope, implying that 
glycoform "incompatibility"' exists between the two species. The implications 
of such an observation for the production of glycoproteins for therapeutic use 
in humans are obvious (see section on Pathological Consequences of In- 
creased Levels of A galactosyl IgG in Rheumatoid Arthritis). Further, a recent 
structural analysis of plant glycoproteins shows that the associated oligosac- 
charides have the twin characteristics of a newiv established familv of N- 
linked glycans. so far only reported in, plants (58). These characteristics are 
substitution of the pentasaccharide core [Mana3(Mana6)Man04GlcNAc- 
/34GlcNAc| by (a) a D-xylose residue linked /3 1 — *2 to the 0-mannosvl 
residue, and (b) an L-fucose residue linked al— > 3 to the reducing terminal 
N-acetylglucosamine residue. Since this structure contains epitopes that are 
highly immunogenic in mammalian species (58, 58a). the therapeutic use of 
mammalian glycoproteins expressed in plant cells is likely to be associated 
with adverse immunological reactions. Current structural analysis of the 
characteristics of parasite N-glycosylation suggests that similar problems 
("glycoform" incompatibility and/or immunogenic^} ! will be encountered. 
For example, it has recently been shown that the parasite Schistosoma man- 
soni expresses similar antigenic determinants to its intermediate or definitive 
host (295). Human infection bv S. mansoni revealed a strons immunoaenicitv 

" WW. 

of a surface antigen (38 kd). This protective epitope is an oligosaccharide that 
is expressed constitutively in its uninfected intermediate host, and is also 
present in many different freshwater mollusc species. The epitope, was also 
present on the glycoprotein keyhole limpet hemocyanin, and may account for 
the antigenicity of this protein in many immunological studies. 

There are also some examples of conserved glycosylation characteristics 
between species. For example, many liver glycoproteins studied from several 
species all appear to lack the "bisecting" GlcNAc residue in their complex- 
type N-linked oligosaccharides, whereas this residue is particularly preva- 
lent in kidney-derived glycoproteins (2). Similarly, the N-glycosylation of rat 
and mouse thymocyte Thy-1 appears to have many features in common 
(10), particularly with respect to the incidence of nonreducing terminal 
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a-galactose residues, poiy-lactosaminoglycan-type structures, and the dis- 
position of high-mannose structures. In short, species-specific glycosylation, 
as well as differences in the glycosylation capacity between individuals of the 
same species, are now firmly established. Of greater interest may be the 
conservation of N-glycosylation of some peptides across species, since this 
couid reflect important and basic conserved functions of oligosaccharides (see 
section on neural-cell adhesion), 

Tissue-Specific N -Glycosylation 

Much s^ru^tural evidence suggests that oniy u re:ativei> small fraction of the 
oligosaccharides that an organism is capable of synthesising are associated 
with any particular N-glycosyiation site (2. 10. 59-63*. While the enzymolo- 
sr- o:' oligosaccharide biosynthesis has been tiu-..--.::=d M. ia». relatively little 
is known about the factors that determine the se: ot structures associated with 
a particular N-glycosylation site (63). Factors that have been considered tend 
to fall into one of two general categories. namelv; control of the elvcosvlation 
by the polypeptide backbone, and expression of a selective elvcosvlation 
capacity by the tissue synthesizing that polypeptide, it is generally considered 
that a polypeptide influences its own glycosylation by controlling the 
accessibility of the enzymes involved in gIycosy:a:ion to its attached oligosac- 
charides. It may do this by limiting access tsteric hindrance), or by restraining 
its oligosaccharides into particular conformations, thereby converting these 
into substrates for the glycosylating enzymes, or not. as the case may be (8). 
Extensive discussion of the control exerted by a polypeptide upon its own 
glycosylation can be found in Refs. 64-68. 

The most direct approach for determining :he tissue-specifity of N- 
g]y cosy iation is to compare the structure and deposition of oligosaccharides 
on a polypeptide when it is expressed in two or more different tissues or 
cell-types of the same species (2, 69-73). For example, a comparison of the 
giycopeptides of the HLA-DR antigen isolated from a human melanoma cell 
line (SK-MEL-37) and from a B-lymphoblastoid cell line originating from the 
same individual indicated clear differences in the N-glycosylation of the 
HLA-DR antigen in the two tissues, both with respect to the size of associated 
oligosaccharides and the extent of sialylation (69). Sialylation of murine la 
antigens has also been shown to differ between murine B-cells and murine 
adherent cells (70), and this difference may be important in terms of the 
antigen-presenting ability of the two cell-types (71). 

Following an earlier report on the cell-specific glycosylation of Sindbis 
virus (74), it has been shown that glycosylation of one (Asn-245) of the two 
glycosylation sequons of the viral surface glycoprotein El depends on 
whether the virus is grown in chick embryo fibroblasts. BHK-2I cells, or 
Chinese hamster ovary cells (73). The glycosylation of the other site (Asn- 
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139) is largely unaffected by the cell-type in which the virus is grown, as is 
glycosylation of the second virus glycoprotein E2. In an interesting new 
approach, the chicken ovalbumin gene was spliced into the Herpes Simplex 
virus type I. genome and thereby introduced into mouse fibroblast L-353 cells 
(75). The resulting protein was N-glycosylated at the correct sites with just 
oligomannose and hybrid structures in a relative ratio similar to that of native 
ovalbumin. However, the hybrid structures synthesized by the L-353 cells 
were completely sialylated and totally lacked the bisecting GlcNAc, thereby 
differing from those of native ovalbumin. These two examples provide strong 
evidence for cell-type-specific glycosylation. 

Using various lectin-agarose columns (76), it has recently been demon- 
strated that the glycosylation of human ribonucleases from various human 
viscera and body fluids is organ-specific, but no structural information was 
obtained, nor were the ribonucleases fractionated. In an immensely detailed 
structural study of the N-glycosylation of y-glutamyl transpeptidase ( y-GTP). 
the oligosaccharides were analyzed of y-GTP isolated from neonatal mouse 
liver (53), adult mouse kidney (53), rat liver (54), a rat hepatoma cell line 
(AH-66) (54), bovine kidney (55). and bovine liver (2). Not only were 
clear-cut differences found between the, same organs from different species, 
but also several marked differences between organs of the same species. In 
particular, the bisecting GlcNAc was invariablv absent from the liver enzvme, 
but present at a high level on tl^ kidney enzyme, irrespective of species. 
Further, mouse kidney y-GTP oligosaccharides contained the Gal/3l-+ 
4(Fucal^3)GlcNAc)31-*RHdeterminant (i.e. X-antigen) (56). which is 
totally absent from mouse liver y-GTP. Such studies provide strong evidence 
for tissue-specific N-glycosylation. but the possibility must be considered that 
they reflect either mutational events (77) or genetic polymorphism (78). 

To avoid such difficulties, the oligosaccharide structures were determined 
at each of the three N-giycosyiation sites of rat Thy- 1 isolated from rat brain 
and thymus (10). There is only one structural gene for rat Thy-1. and the 
polypeptide of rat brain Thy- 1 is known to be identical to that of rat thymocyte 
Thy-i (79, 80). Moreover, previous results had shown a difference in mono- 
saccharide composition between the two forms (81). The results of the 
structural analysis on the oligosaccharides therefore allowed a reconstruction 
of the glycoforms of Thy- 1 present on rat brain and thymus, and it is clear that 
there is no glycoform in common between the two tissues (Figure 4). In view 
of the significant differences between the glycoforms, these differences prob- 
ably reflect different biosynthetic events and not just the action of ecto- or 
exo-cellular enzymes on a common set of glycoforms. This result therefore 
indicates that the two tissues express quite different glycosylation capacities. 
However, even though Thy-1 is related to the immunoglobulin domain (82), a 
highly stable and conserved structure, and would therefore be expected to 
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have a similiar (if not identical) tertiary structure in the two tissues (Figure 4), 
the possibility cannot be ignored that differences in glycosylation were sec- 
ondary to differences in the precise folding pathways followed by the 
polypeptide in the two tissues. 

There have been a few reports suggesting that a polypeptide has been 
glycoy slated in the same way by different tissues or cell types (68, 83). None 
of these studies obtained sufficient structural information to confirm this 
suggestion (identity being defined, at best, in terms of "class" of oligosac- 
charide?. Further, glycosylation of a polypeptide in a similar way by different 
u>.Nje*. Joes not disprove a theory* or tissue-specific glycosylation. since that 
polypeptide may have a structural requirement for a particular glycosylation 
pattern, irrespective of its tissue of origin. 

\i- summarize, species-specific and tissue-specific N-glycosylation are 
now nrmly established, and the unique glycosylation capacity of the cell has 
been referred to as defining its glycotype. A tissue-specific glycotype could 
arise in several different ways. Besides the obvious possibility of differences 
in the ievel. activity, and expression of individual intracellular glycosidases 
and giycosyl transferases, additional factors such as intracellular routing 
through the cell (84). precise topography and order of exposure to glycosi- 
dases and giycosyl transferases (85). levels and availability of necessary 
metabolites, and the activities of ecto- and exo-cellular enzymes, must be 
considered (86). An important advance in understanding the origin and 
control of a tissue or cellular glycotype will be knowledge of the concerted 
regulation of gene expression of both intra- and extra-cellular glycosidases 
and glycosyltransferases. Despite the use of a common biosynthetic pathway, 
and considerable overlap with respect to the structures they can synthesize, 
ti-sue* appear to generate remarkably few glycoforms in common. The 
implications of this are obvious for the creation in space and time of cell- 
specific determinants of possible importance in intercellular interactions dur- 
ing development. If a glycotype serves as a statement of cellular identity, 
interpretation of this by other cells requires a complementary array of lectins. 
A better definition of the range and characteristics of mammalian lectins is 
needed, and would mark a major advance (87). Similarly, expression of 
glycoproteins of one species in another, by genetic engineering, may lead to 
the isolation of variants of that glycoprotein that are immunogenic in or 
incompatible with the original host. 

HOST-CELL GLYCOSYLATION OF VIRUSES 

To date no evidence has been presented that viruses encode within their 
genomes the enzymes required for the biosynthesis of N-linked oligosaccha- 
rides. Consequently, it is assumed that viruses carrying N-linked oligosac- 
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charides on their surface coat are reliant on the host cell's alycosylation 
apparatus. In support of this, the characteristics of viral polypeptide N- 
glycosylation are very similar to those of the N-glycosylation of host-cell 
polypeptides (see glycoforms section ». For exampFe. there is often consider- 
able microheterogeneity at an individual site (88. 89). the structures found at a 
given site are influenced by both the polypeptide structure (64, 90) and the 
host cell (73, 74), and consequently a variety of glycoforms of each glycopro- 
tein are produced. The structural analysis of oligosaccharides present on viral 
glycoproteins is complicated by the host cell dependence, and it is somewhat 
arbitrary to speak of specific oligosaccharide structures on a virus without 
considering its host. 

The most detailed analysis of oligosaccharide structures present on viral 
glycoproteins comes from the work of Kobata and colleagues. These studies 
involved an analysis of the oligosaccharide moieties of glycoproteins from 
Sendai virus (F and HANA protein) (89) and influenza virus iBHA protein) 
(88), both grown in the allantoic sac of embryonated chicken eggs. Only the 
neutral oligosaccharides were examined since the acidic structures proved 
refractory to analysis (although it was established that the charge was not due 
to sialic acid). The neutral fraction was extremely heterogeneous, but no 
novel structures were reported. Other studies, although not as complete, 
confirm the general conclusion that the structures of viral oligosaccharides are 
consistent with known biosyntheti^ pathways of the host (91. 92). 

The location and nature of oligosaccharides on viral surface glvcoproteins 
can in some cases determine the efficiency and range of cellular infection. 
Since gUcosylation is in part due to the properties of the host cell, the latter 
can therefore play an important role in defining the infective range of a vims. 
Sindbis virus is an alphavirus capable of infecting productively both arthropod 
and vertebrate cells (93). Its natural cycle of transmission involves alternate 
growth in mosquitoes and vertebrates, and it carries on its surface just two 
glycoproteins (El and E2), each of which have two N-linked oligosaccha- 
rides. Sindbis virus variants, with one or two additional N-glycosylation sites 
in E2.'iu\e been isolated (93). and the presence and location of these 
additional sites in each variant has been confirmed by nucleotide sequence 
analysis (94). The variant with one extra glycosylation site (which is invari- 
ably glycosylated), is indistinguishable from the "normal" form with respect 
to replication efficiency and host range. The variant with two extra glycosyla- 
tion sites (both of which are glycosylated), is able to replicate only in 
mosquito cells and not in vertebrate cells (electron microscopic analysis 
revealed a failure to form the nucleocapsid). Of 15 unrestricted revertants 
isolated from this latter variant, all had lost the same (fourth) N-glycosylation 
site, as judged by nucleotide sequence analysis (93, 94). This implies that the 
particular oligosaccharides placed at the fourth N-glycosylation site by ver- 
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tebrate cells are different from the structures placed at this site by mosquito 
cells (and prevent nucleocapsid formation), whereas those structures added at 
this site by mosquito cells do not. This is consistent with structural analysis of 
the oligosaccharides attached to Sindbis virus glycoproteins by mosquito and 
vertebrate ceils, which has shown that Sindbis vims grown in vertebrate cells 
contained complex-type oligosaccharides, whereas that grown in mosquito 
cells was predominantly Man 3 GIcNAc;> (95). 

The effect of glycosylation on viral host range has also been clearly 
documented in the case of the influenza A virus (96. 96a). This virus binds to 
cell-surface receptors via hemagglutinin, a glycoprotein on its surface. In a 
study of the WSN strain of influenza virus, a spontaneous mutant was isolated 
during serial passage in Madin-Darby Bovine Kidney (MDBK) cells with a 
superior infective host-range. The parent and the mutant both grew equally 
well, and their respective hemagglutinins bound equally well to cell-surface 
receptors on chick embryo fibroblasts. However, during growth in MDBK 
cells the mutant was much more successful than the parent, due to a much 
greater affinity with which the mutant hemagglutinin bound to the MDBK 
surface. The hemagglutinin subunits (HA1 and HA2) of the two forms were 
compared. While the HA2 subunits appeared to be identical, the HA1 sub- 
units were not. and the only significant detectable differences between these 
was the loss of an N-glycosylation site in the mutant (at residue 125) when 
compared to the parent, as shown bv nucleotide sequence analysis. This loss 
of one oligosaccharide site (of the complex type, as shown by its sensitivity to 
Endo F but not Endo H) appears to be the major difference. Of 11 in- 
dependently derived mutants, all showed this reduction in oligosaccharide 
content (961 It was concluded that the oligosaccharide(s) attached at Asn-125 
of the parent virus hemagglutinin by MDBK cells reduced its affinity for 
the MDBK cell, whereas the oligosaccharide attached to this same site by 
chick embryo fibroblasts left the affinity of hemagglutinin for MDBK and 
CEF cells unaltered. These two studies show that host-cell glycosylation 
can clearly exert a considerable effect on the spread of viruses between dif- 
ferent hosts. 

In the case of the influenza virus, it has also been shown that the precise 
receptor-specificity of the viral hemagglutinin is affected by its species of 
origin (97). The H3 serotype, when isolated from human cells, agglutinates 
erythocytes carrying the N-acetylneuraminic acid a2— >6 galactose linkage but 
not those carrying the N-acetylneuraminic acid a2— *3 galactose linkage. The 
converse is true for H3 isolates from avian or equine cells. The two hemagglu- 
tinin polypeptides show 96% amino acid sequence homology, and it was 
considered that the differences would not necessarily affect the binding site, 
raising the possibility that the host-cell glycosylation may influence the 
hemagglutinin receptor-specifity. 
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Relatively subtle variations in the primary amino acid sequence of viral 
glycoproteins responsible for binding to target cell-surface receptors are 
associated with changes in the glycosylate of the polypeptides (98) The 
glycosylate ot each hemagglutinin of 21 influenza A strains of various 
serotypes was compared after growth in chick embrvo cells. The hemaggluti- 
nm of each strain was associated with a distinct N-elvcosvlation pattern (98) 
confirming the idea that even subtle changes in primarv structure of the 
hemagglutinin can cause changes in the oligosaccharide chains attached to 
these polypeptides. Indeed, not only has serotype-specific N-glycosvlation 
been observed, but so too has strain-specific N-glycosvlation. indicating that 
both antigenic shift and antigenic drift are associated with alterations in viral 
surface oligosaccharides (99). 

Further, viral surface oligosaccharides may be ligands for host cell-surface 
lectins, and in this way contribute to the host cell-range of that virus. For 
example, the paramyxovirus Sendai virus contains two surface proteins, 
namely the F protein and the viral attachment protein HN. The HN protein is a 
lectin able to recognize members of the gangliotetraose family of gangliosides 

(100) on its target cell-surface [it additionally possesses sialidase activity 

( 101) |. Following binding, the viral envelope and cell-surface fuse. A temper- 
ature-sensitive mutant of Sendai virus, when grown at the restrictive tempera- 
ture, carries no HN glycoprotein on its surface, and is unable to infect 
conventional host cells ( 102). However, the N-siycosvlation of the F-protein 
makes the mutant virion a target for the asialoglycoprotein receptor of the 
liver, and fusion of the viral envelope with a hepatoma cell-line expressing 
this receptor can occur ( 102). In a similar fashion the binding of the HTLV- 
III/LAV virus to CD4+ T-lymphocytes may involve the oligosaccharides of 
the viral surface glycoprotein gpI20 (103). 

The gpl20 envelope protein of the HTLV-l!! LAV vims contains 24 
potential N-glycosylation sites, and half its molecular weight is due to 
attached carbohydrate (104)'. It is able to bind directlv to the CD4 surface- 
glycoprotein of T-lymphocytes (105). suggesting that it mav be the viral 
adhesion protein. Envelope glycoprotein atiacnmen! to the CD4 molecule has 
been implicated in the formation of multinucleated giant ceils (106). Purified 
gp!20.is a potent inhibitor of this fusion, but recombinant gpl20 fragments, 
immunologically indistinguishable from gpl20. are not (107). These frag- 
ments are not glycosylated, suggesting that the oligosaccharides of gpl20 
may be important in its highly specific interaction with CD4 (107). Further 
evidence for this comes from the recent observation (103) that deglycosyla- 
tion of purified gpl20 with Endoglycosidase F causes a 50-fold reduction 
in its binding to CD4 and in its inhibition of cell fusion. The N-linked car- 
bohydrates of CD4 are unlikely to be involved in binding gpl20. since 
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soluble CD4 proteins generated using recombinant DNA techniques and 
lacking oligosaccharides arc powerful inhibitors of HIV infection in vitro 
(107a). 

It has been proposed that the carbohydrate side-chains on the surface of 
viruses may provide them with significant protection against the host's im- 
mune response during a primary infection. For example, the major im- 
munological response in cattle to bovine leukemia virus is against carbo- 
hydrate moieties, or peptide epitopes under the influence of carbohydrate 
moieties (108). Further evidence for the importance of carbohydrate in direct- 
ing the humoral immune response comes from a study of heteroantisera 
(produced in rabbits or goats) against fully glycosylated murine retroviruses 
or influenza virus (109, 1 10). These antisera were virtually unreactive against 
viral glycoproteins when the carbohydrate was removed from the viral surface 
antigens. The neutralizing antibodies, however, were a discrete subset of 
antibodies directed solely against polypeptide epitopes not involving, or 
influenced by, carbohydrates (109, 1 10). This is also true for the neutralizing 
antibodies against the HTLV UI/LAV virus (107). 

Carbohydrate side-chains may further assist a virus to escape from, or be 
resistant to, neutralizing antibodies by directly masking the polypeptide epi- 
tope for these antibodies. For example, growth of the H3 subtype of influenza 
virus in the presence of a neutralizing antihemagglutinin monoclonal antibody 
led to the selection of a variant that differed from the parent by a single amino 
acid substitution in its hemagglutinin (111). This substitution created an 
additional sequon that was N-glycosylated at the Asn, and consequently the 
hemagglutinin was not recognized by the monoclonal antibody. The above 
results raise the possibility that a general property of viral surface oligosac- 
charides may be to deflect the humoral immune response into the production 
of non-neutralizing antibodies. 

In summary, the use of the host cell's glycosylation apparatus leads to 
the generation of virions expressing host (and therefore "self") oligosac- 
charides on the virus surface. One consequence of this may be to dimin- 
ish an antiviral immune-response in the infected individual. Further, the 
carbohydrate moieties generally direct the immune response into an in- 
effective antibody response potentially protective to the virus (i.e. non-neu- 
tralizing antibodies). The oligosaccharides on the virus surface can influ- 
ence its hostcell range. The variety of oligosaccharides attached at each site, 
as in the case of host glycoproteins, would create a population of viral- 
associated adhesion glycoproteins. Exaggerated changes in this population 
resulting from subtle changes in polypeptide structure would generate a range 
of different virions with potentially different host ranges and efficiencies of 
infection. 
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LECTIN-CARBOHYDRATE INTERACTIONS IN 
LYMPHOCYTE MIGRATION 

The developmental history of lymphocytes involves their numerous move- 
ments around the body, each of which is necessary either for them to achieve 
a particular, developmental stage, or to search the body for antigen. These 
include the movement of bone marrow-derived progenitor ceils to other 
primary lymphoid organs, and the movement of lymphocytes through secon- 
dary lymphoid organs, together with their constant recirculation between 
secondary lymphoid organs and other tissues of the body (112). Each of these 
movements involves specific interactions between cell-surface components of 
the migrating ceils and of the 'target* organ or tissue. There is increasing 
evidence that some of these components are lectins or carbohydrates (113). 

Treatment of lymphocytes with exoglycosidases (114), or inhibitors of 
oligosaccharide-processing enzymes (115, 1 16) has been shown to alter their 
migratory properties. For example, after sialidase treatment, lymphocytes arc 
retained in the liver and do not regain their normal migratory properties few- 
several days ( 1 17). In a similar fashion, after a brief incubation with swainso- 
nine, an inhibitor of oligosaccharide -processing, lymphocyte migration into 
the spleen is reduced ( 1 16). These studies only implicate carbohydrates on the 
lymphocyte surface in migration, since changes in the surface carbohydrates 
could create new migratory properties. For instance, the neuraminidase- 
treated lymphocytes were probably "sequestered" initially in the liver because 
they are targets for the hepatic asialogiycoprotein receptor (1 17). More direct 
evidence for a positive involvement of oligosaccharides during normal migra- 
tion has only recently been obtained, and this has been due in large part to the 
development of an in vitro system for assessing lymphocyte binding to 
receptors on high endothelial venules (HEV) (118). 

A rat monoclonal antibody (MEL- 14) has been obtained that inhibits the 
interaction of mouse lymphocytes with mouse peripheral lymph node HEV 
(119). This monoclonal recognizes a molecule on the lymphocyte cell surface 
that is specifically involved in adhesion to peripheral lymph node HEV. For 
example, pre treatment of mature lymphocytes with MEL- 1 4 severely reduces 
their binding to peripheral lymph node HEV in vitro, and migration to 
peripheral lymph nodes in vivo, but leaves unaffected their binding to and 
migration into intestinal Peyer.'s patches. Using lymphoma cells that migrate 
either to peripheral nodes or to Peyer's patches, it could be shown that the 
MEL-^14 antigen was expressed only on the former. [Normal lymphocytes 
migrating to Peyer's patches do express the MEL- 14 antigen, but apparently 
do not use it for binding to the HEV of Peyer's patches (1 19).) Expression of 
the MEL- 14 antigen is developmental^ regulated, beirifc absent on immature 
thymocytes, bone-marrow cells, and B-cell blasts from germinal centers. 
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None of these cell-types migrate to the secondary lymphoid organs. Further, 
the MEL- 14 antigen is expressed at high levels on other leukocytes, in 
particular neutrophils, eosinophils, and monocytes (120). Attachment of 
neutrophils to endothelial cells can also be inhibited by MEL- 14 and by the 
same carbohydrates that inhibit binding of lymphocytes to peripheral lymph 
node HEV (see later). Analysis of the MEL- 14 antigen (gp90 MEL I4 ) indicated 
that the antigen is an 80-95-kd glycoprotein (119), whose precise molecular 
weight depends on the cellular source of the antigen. A hypothetical model of 
gp9QMEL u has bcen proposed which j nc j uc j es ubiquitinylation and N- 
glycosylation of a central core polypeptide (121. 122). 

While it has not yet been shown that purified gp90 MEL 14 is capable of 
binding carbohydrate, there is considerable circumstantial evidence that is has 
"lectin" properties. Thus preincubation of mouse or rat lymphocytes (but not 
frozen sections of lymphoid organs) with mannose-6-phosphate, its structural 
analogue fructose- 1 -phosphate, PPME fa phosphomonoester mannan frag- 
ment rich in mannose-6-phosphate), or fucoidin (a sulfated polysaccharide 
rich in L-fucose), leads to a strong inhibition of binding in vitro to peripheral 
lymph nodes, but not to Peyers patches (123-126). Of various other mono- 
saccharides, polysaccharides, or their derivatives that were tested, none 
showed significant inhibitory ability. Proof that the site of inhibition was at 
the lymphocyte cell surface came from the use of PPME-derivatized fluores- 
cent polystyrene beads (125). Mouse lymphocytes are found to bind PPME- 
derivatized beads in a manner indistinguishable from their binding in vitro to 
peripheral lymph node HEV (127). For example, both interactions are selec- 
tively inhibited by the same set of carbohydrates, both are Ca 2+ -dependent, 
and, more importandy, the ability of thymocytes, lymphoma cells, and 
lymphocytes to bind peripheral node HEV correlates exactly with their ability 
to bind PPME-derivatized beads (127). Evidence that the lymphocyte receptor 
for PPME-derivatized beads is related, if not identical, to gp9tf AEL l4 , 
includes the ability of MEL-14 to specifically inhibit PPME-bead binding! 
and the exact association between peripheral lymph node HEV binding, 
PPME-bead binding (127), and expression of the MEL-14 antigen in several 
lymphoma cell-lines and their variants after selection for PPME-bead binding 
(127). Further, MEL-14 binding to neutrophils inhibited their binding to 
peripheral lymph node HEV and this inhibition showed a similar sensitivity to 
PPME (120). However, even an excess of soluble PPME does not inhibit 
MEL-14 binding, implying that the "carbohydrate M -binding domain of 
gp90 MEL 14 is distinct from the MEL-14 binding site (127). 

It has recendy been shown that sulfated polysaccharides inhibit binding of 
lymphocytes to HEV of all secondary lymphoid organs by binding to recep- 
tors on the HEV (128). Different sulfated polysaccharides showed selective 
effects on the binding to HEV and on the entry into lymphoid organs. This 
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suggests that both entry and the subsequent positioning of lymphocytes within 
a lymphoid organ may involve a series of different sulfated molecules on the 
lymphocyte surface. The relationship between this system and that mediated 
by gp90 MEL 14 has not been clarified. As is discussed later, however, sulfated 
oligosaccharides appear to be important mediators of neural cell adhesion 
events, and recent data suggest that common adhesion mechanisms may be 
used by both the nervous and immune systems (129). 

Little is known about the biochemical nature of the determinants present on 
peripheral lymph node HE V, which are recognized by lymphocytes. The 
presumption is that these HEV express a determinant containing mannose-6- 
phosphate, which is recognized by the gp90 MEL 14 on lymphocytes. Recent 
studies, however, suggest that sialic acid is an important component of the 
lymphocyte recognition determinants of both peripheral lymph node and 
Peyer's Patches HEV (130, 131) and particularly on the recendy described 
endothelial cell-surface molecule ("vascular addressin"), which is suggested 
to be an important tissue-specific marker for lymphocyte recognition (131a). 
Incubation of HEV sections with the lectins Limulus polyphemus agglutinin, 
wheat-germ agglutinin, Concanavalin A, and Dolichos biflorus agglutinin, 
had no effect on lymphocyte adhesion to either HEV type, but prior incuba- 
tion with a sialic acid-specific lectin, or prior treatment with mild periodate 
oxidation, destroyed the capacity of either type of HEV to bind lymphocytes 
(130). Clearly, a structural analysis of the carbohydrates present on the HEV 
cell surface is essential. 

The mechanisms of lymphocyte migration appear to be common to several 
species. For example, the adhesion of lymphocytes to HEV in the rat shows 
strong similarities to that in the mouse. Glycoproteins have been isolated from 
rat thoracic duct lymph and rat lymphocytes that appear to mediate adhesion 
either to peripheral lymph node HEV or Peyer's patches HEV (132-134). The 
binding of rat lymphocytes to peripheral lymph node HEV is also selectively 
inhibited by mannose- or fiicose-containing carbohydrates (123, 124). MEL- 
14 has been shown to bind to the human lymphocyte cell-surface molecule 
responsible for migration to human peripheral lymph nodes, further suggest- 
ing a conserved structure to this molecule (134, 135). 

There is considerable evidence that individual lymphocytes can differ 
dramatically with respect to their migratory properties (112, 135-137). To 
date, no information exists concerning the mechanisms responsible for these 
different migratory properties. It has recently been reported, however, that 
intestinal intraepithelial lymphocytes express unique carbohydrates on their 
surface, as detected by monoclonal antibodies against CT antigens (known to 
be carbohydrate in nature) (138), and it was suggested that these unique 
structures are responsible for the specific localization of these lymphocytes. 

The diversity of lymphocyte migratory patterns raises the possibility of 
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organ-specific immune responses to a common antigen (since organs will 
come to differ with respect to their lymphocyte content), and may have 
implications for the induction and maintenance of organ-specific autoimmune 
diseases. There is increasing evidence that abnormal lymphocyte migration 
into certain organs can lead to an autoimmune disease. For example, in acute 
experimental allergic encephalomyelitis (139), an animal model for multiple 
sclerosis, the population of lymphocytes migrating into the central nervous 
system does not reflect the population in the systemic side (in particular 
B-lymphocytes crossed the blood-brain barrier very poorly compared to 
T-lymphocytes) (139). 

In certain chronic human inflammatory conditions, the cells of the vessels 
surrounding the site of inflammation are induced to differentiate so as to 
create venules (morphologically similar to the HEV of lymphoid organs) that 
are able to sustain the extravasation of lymphocytes. A particularly good 
example is the induction of HEV in the synovium of affected joints of patients 
with chronic rheumatoid arthritis (140). The synovial HEV in such patients 
appears to direct lymphocyte extravasation by a distinct mechanism, since the 
interaction between synovial HEV and exogenous human lymphocytes in 
vitro (140) was found not to be inhibited by MEL- 14. Further, synovial HEV 
could not bind B-lymphoblastoid cells specific for peripheral lymph node 
HEV or Peyer's patches HEV. Yet the rheumatoid synovial HEV was able to 
direct extravasation of lymphocytes from healthy individuals as well as those 
from patients with rheumatoid arthritis, implying that extravasation of lym- 
phocytes in rheumatoid arthritis is due to the induction of synovial HEV with 
unique lymphocyte recognition determinants, and probably not to the exist- 
ence of "abnormal" lymphocytes. These two examples suggest that at least 
some lymphocytes in a normal immune system have special antigen- 
independent mec h a ni s m s for entering immunologically privileged sites (e.g. 
CNS and synovium). Autoimmune diseases in such sites may arise (or be 
perpetuated by) aberrant sequestration of these normal lymphocytes following 
induction of a mechanism for their egress. This may explain why many of the 
locally activated lymphocytes in several such diseases arc not directed against 
any specific local antigen. The induction of HEV can be achieved ex- 
perimentally using interteukin-1 (141), and interferon- y (142), and in vivo 
action of tumor necrosis factor (TNF) has recently been shown to involve 
neovascularization accompanied by inflammation (143). 

it has been convincingly shown that autoimmune disease 4gainst normal 
organs can be induced by modification of lymphocytes (144). Sialidase- 
treated lymphocytes injected intravenously into syngeneic recipients localize 
to the liver through a mechanism involving the asialoglycoprotein receptor. 
Most recover their normal migration patterns within a few days, but a 
subpopulabon does not. This infiltrates the liver and induces an "auto- 
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immune" disease. Similar changes in lymphocyte glycosyiation may follow, 
infection with viruses expressing a sialidase activity. By extension, any 
change in the glycosyiation of lymphocytes that renders them ligands for any 
lectin of a tissue may lead to retention of those lymphocytes within that tissue, 
with the consequent possibility of an "autoimmune" reaction. 

In summary, lymphocytes exhibit a variety of migratory patterns 
encompassing all or some of the organs of the body ( 145-149). These patterns 
can be altered during certain infections or disease-states, either by changes in 
the cell-surface properties of lymphocytes or the target tissues. The migration 
of a given lymphocyte depends upon the expression of certain surface recep- 
tors both by itself and by the endothelial cells of the HEV of various organs. A 
variety of such receptors may exist, each defining a distinct recognition 
system. In the case of peripheral lymph nodes, a lymphocyte cell-surface 
molecule with lectin-properties probably binds to complementary carbohy- 
drates on the HEV. Lymphocytes express a variety of lectins ( 150). and if 
lectin-carbohydrate interactions are a general mechanism for lymphocyte 
extravasation, then tissue-specific recognition of lymphocytes by endothelial 
cells could arise from cell-specific glycosyiation characteristics of these latter 
cells. Now that gp90 MEL 14 (possibly just one of a family of lymphocyte 
adhesion molecules) has been isolated, and preliminary structural studies 
performed on it. the way is open to isolate other lymphocyte receptors and 
lectins, and the targets for these^on various endothelial cells. Such studies 
should further define the role of lectin-carbohydrate interactions, and there- 
fore the effects of glycosyiation. on organ-specific lymphocyte migration. 

GLYCOSYLATION IN DISEASE 

Alterations in Glycosyiation — Relationships to Disease 

A comparative analysis of the N-glycosylation of particular glycoproteins 
provides an excellent probe for acquired or inherited cell-type-specific or 
tissue-specific dysfunction. For example, the increased relative incidence of 
the seTum asialo-transferrin glycoforms has been shown to accompany heavv 
alcohol consumption 1 151). Patients with nonalcoholic steatohepatitis, a liver 
disease that is morphologically indistinguishable from alcoholic hepatitis, did 
not exhibit raised levels of asialo-transferrin. Although the mechanism of 
production of the asialo-transferrin has not been established, it has been 
reported that ethanol may inhibit glycosyiation of glycoproteins. Similarly, 
the acquired dysfibrinogenemia associated with liver disease also appears to 
be secondary to changes in the way fibrinogen, a liver-derived glycoprotein, 
is glycosylated (152). Fibrinogens from affected patients contain 1.4-3.4 
more residues of sialic acid per molecule compared to normal controls, 
exhibit thrombin times longer than normal, and have abnormal fibrin mono- 
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mer aggregation. Partially desialylated fibrinogens from such patients exhibit 
normal thrombin times and normal fibrin monomer aggregation, indicating 
that the abnormality arises from increased sialylation. 

While several inherited diseases are known to be associated with 
abnormalities in the genes for glycosidases (6. 153. and references therein), 
only a limited number of genetic diseases caused by defective glycosyltrans- 
ferases have so far been reported. A deficiency of GlcNAc transferase II gives 
rise to congenital dyserythropoietic anemia type II (153). In this disease 
abnormal morphologies have been detected in granulocytes, platelets, mega- 
karyocytes, and macrophages, suggesting thai the genetic lesion is not limited 
to erythroid cells. Since the primary pathology oi this disease is related to 
erythroid cells, it is a good example of the difficulty in relating a particular 
structural change to clinical symptoms. Other examples of genetic diseases 
involving defective oligosaccharide biosyr,:hesi> are I-cell disease and 
pseudo-Hurier polydystrophy in which a deficiency of phospho-N- 
acetyiglucosaminyl transferase activity is the primary cause (6). Cell-fusion 
experiments have defined complementation groups among various fibroblast 
cell lines derived from patients with I-cell disease and pseudo-Hurier 
poiydystrophy. Enzyme kinetic data are consistent with the proposal that the 
phosphotransferase is an oligomeric protein that contains a recognition site 
tsubuniti and a catalytic site tor subunit) thai interact to recognize specifically 
and then phosphorylate. lysosomal enzymes. Changes in either one or both of 
these sites may give rise to the many disease variants, suggesting that the 
genetic defect involves the structural genes for the phosphotransferase and not 
aberrant control of its gene expression. 

It may be difficult to distinguish a selective abnormality of elvcosvlation 
that is secondary to a structural change in polypeptide from one that involves 
primary lesions in oligosaccharide processing. For example, some variants of 
sucrose-isomaltase deficiency may be due to a primary lesion in oligosacchar- 
ide processing (154). Sucrose-isomaltase is an integral protein of the small 
intestine brush-border membrane, and can in some cases be detected im- 
munologically in patients with a congenital deficiency of the enzyme activity. 
The size of the protein detected is consistent with incomplete glycosylation. 
Studies of a patient with primary sucrose-isomaltase deficiency demonstrated 
normal translation and glycosylation of the precursor with high-mannose 
structures, but a failure to further process the oligosaccharides with subse- 
quent intracellular degradation of the glycoprotein and undetectable enzyma- 
tic activity of intestinal sucrose-isomaltose. In contrast, some inherited 
abnormalities of von Willebrand factor (vWf) associated with abnormal 
glycosylation may be secondary to changes in polypeptide (155). vWf is an 
adhesive glycoprotein involved in the binding of platelets to subendothelium 
after vascular injury. Initial glycosylation of nascent vWf protein has been 
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shown to be crucial for the successful polymerization of human vWF and its 
eventual secretion via Weibel-Palade bodies. The use of tunicamvcin pro- 
duced changes in endothelial cells that were phenotypicaily similar to those 
found in von Willebrand disease. Further studies will be necessary to confirm 
the role glycosylation plays in this disease. 

Thyroxine-binding globulin (TBG) is an acidic glycoprotein of hepatic 
origin and inherited TBG variants follow an X-linked mode of inheritance. 
Patients with one type of TBG defect are characterized by having only a small 
amount of the glycoprotein in their serum ( 1.2% of mean normal level) (156). 
It does not bind thyroxine and is labile at 37°C. Consequently, these patients 
have high levels of circulating denatured TBG ( 10 x above normal). Antibod- 
ies raised against denatured TBG react with an aglycosyl TBG produced in 
human hepatoma cell lines in the presence of tunicamycin. This, together with 
the heat denaturation curve of the variant TBG, suggests the presence of 
glycoform subpopuiations each with different thermal stabilities in patients 
with this TBG variant. A systemic abnormality in protein glycosylation was 
unlikely since the serum concentrations of six other glycoproteins were 
normal in affected individuals (156). 

A comparative analysis of glycoenzyme thermal stability curves may pro- 
vide important clues to other diseases in which abnormal glycosylation is a 
component. In addition, since altered activity of an enzyme involved in 
oligosaccharide biosynthesis cou^d affect many different glycoproteins, the 
presence of several glycoenzymes showing changes in thermal stability is 
highly suggestive of a general glycoyslation change within their organ (or 
tissue) of origin, particularly in genetic diseases that are associated with just 
one (or a very few) loci. An analysis of the carbohydrate content of IgG from 
patients with cystic fibrosis has confirmed an altered monosaccharide com- 
position as compared to total IgG from normal individuals < 157V Structural 
analysis showed that both fucose and galactose were absent in a large propor- 
tion of the structures (unpublished data). A selective absence of galactose has 
already been shown to characterize the serum and synovial IgG isolated from 
patients with rheumatoid arthritis (RA) (158). This similar chemical differ- 
ence in patients with cystic fibrosis and rheumatoid arthritis is interesting, and 
it is worth noting that patients with cystic fibrosis (CF) have elevated levels of 
circulating immune-complexes (159) as do patients with RA. Moreover, 
while many individuals affected with CF do not survive to the third decade, 
early joint complications are often reported (160). Conversely, certain 
patients with rheumatoid arthritis often manifest elements of a general ex- 
ocrine dysfunction and have iontophoretic sweat test results at levels consid- 
ered to be within the pathological range established for adults with cystic 
fibrosis (161). 
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N-Glycosylation of IgG in Rheumatoid Arthritis 
Changes in the glycosylation of the semm antibody IgG in patients with 
rheumatoid arthritis have been well documented (17. 18, 162-164). The 
primary monosaccharide sequences of the oligosaccharides on IgG, and their 
location on the polypeptide, have been described elsewhere (17, 18). Human 
serum IgG carries, on average, 2.8 N-linked oligosaccharides, of which 2 0 
are invariably located in the Fc (at the conserved N-glycosvlation site of 
Asn-297). The additional oligosaccharides are located in the variable region 
of the light and heavy chains, with a frequency and position dependent on the 
occurrence of an N-glycosylation site [AsnXaa'SenThnj (Figure 6). Approx- 
imately 30 different biantennary oligosaccharide* are found associated with 
total human serum IgG. These are distributed norrandomlv between the Fab 
and Fc. Characteristics of Fc N-glycosyiation include the absence of di- 
sialylated structures, a low incidence of monosialvlated ones ( ~ 10%). a low 
incidence of cores earning a "bisecting" GlcNAc*. a».! the absence of calac- 
tose on tne a 1—5 arm of at ieast one oligosaccharide chain in each Fc. Fab 
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,' L Scheraauc "^Presentation of the antibody molecule. This consists of two heavy (H) 
ana two light (L) chains, linked by disulfide bridges (solid lines), and is divided into homologous 
regions of sequence (V„. C„l , C„2. C„3). each of which has an intrachain disulfide bridge The 
pattern of inurachain disulfide bridging shown hert is characteristic of human subclass IgG I In 
th^A- d0Wed se 8 raen,s ^Present the hypervariable regions of the sequence which, in the 

Mn^ men$,00al $ttucture - ,0 « etner fom *• antigen-binding site. The conserved asparagine- 
oantennary complex oligosaccharide chains are attached to Asn-297 in the C„2 domains 
inenumber and location of Fab-associated N-linked oligosaccharides is variable and depends on 
me trequency with which glycosylation sequons occur in the variable regions (291) 
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N-glycosyiation is characterized by a high incidence of di- and monosialy- 
lated structures, and of cores with the 'bisecting" GlcNAc residue 1 17. 165. 
166). The large number of different structures associated with IgG is not the 
result of studying a polyclonal population, since a similar heterogeneity is 
found upon analysis of myeloma and hybridoma-derived IgG (17. 167). This 
heterogeneity therefore creates a very large number of glycoforms of each IgG 
polypeptide. 

Serum IgG from patients with rheumatoid arthritis contains the same set of 
biantennary oligosaccharides found in normal individuals, but in very differ- 
ent proportions. The incidence of structures with outer-arm galactose is 
dramatically decreased, and the incidence of those structures terminating in 
outer-arm N-acetylgiucosamine correspondingly increased (18. 162). A com- 
parison of the N-glycosylation of Fab and Fc fragments derived from total 
serum IgG of patients with rheumatoid arthritis or from a control group shows 
that the decreased galactosylation found upon analysis of total serum isG is 
largely due to changes in the N-linked oligosaccharides of the Fc (162). There 
are also quantitatively minor, but potentially significant differences in Fab 
glycosyiation. which may be restricted to heavy-chain N-glycosylation ( 162). 

The change in galactosylation of the serum IgG of patients with rheumatoid 
arthritis is not common to all other autoimmune or inflammatory disorders. 
On the other hand, agalactosyl IgG has been consistently found in patients 
with juvenile rheumatoid arthritis. Crohn's disease, and tuberculosis (163 
164). '* 

The genetic and environmental factors leading to altered galactosylation of 
the N-linked oligosaccharides of serum IgG in the above diseases are at 
present not known. A recent report suggests that a specific galactosy trans- 
ferase is present in B-cells that transfers UDP-Gal to an asialo-asalacto IgG 
(168). The specific activity of the galactosyltransferase from the B-cells of 
such patients toward asiaio-agalacto IgG was found to be reduced to 50-60% 
of normal controls, and the affinity of this enzyme for UDP-Gal in the B-cells 
of patients with rheumatoid arthritis is decreased. The galactosyltransferase 
deficiency also appears to be restricted to B-cells, and is not found in T-cells 
or monocvtes (169). 

The presence of agalactosyl IgG in patients with tuberculosis and the 
suggestion that mycobacteria are etiological agents in rheumatoid arthritis 
(170. 213) are consistent with previous data, which suggested that patients 
with rheumatoid arthritis constitute a unique group with respect to the im- 
munogenetics and nature of their antibody response to mycobacterial antigens 
(171). Further, the serum of tuberculosis patients has been shown to contain 
self-associated IgG, and the molecular structure of IgG from tuberculosis 
patients (173) is similar to the "aged" IgG present in rheumatoid arthritis 
serum (see later). This and other findings support the suggestion that 
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mycobacteria, or auto-antigens that cross-react with them, may be involved in 
the etiology of rheumatoid arthritis (172). 

The presence of the agalactosyl IgG in Crohn's disease may also be a clue 
to its etiology. For many years the inflammatory disorder of the bowel known 
as Crohn's disease was not considered to be distinct from intestinal tuberculo- 
sis. Evidence for a transmissible agent that could be an unusual type of 
mycobacterium continues to accumulate (174), and at present attention is 
focused on the cell-wall-defective forms. The finding of agalactosyl IgG in 
both Crohn's disease and tuberculosis may strengthen this proposed associa- 
tion (163). 

Changes in IgG galactosylation has also been shown to be present almost 
uniformly in cases of juvenile onset rheumatoid arthritis, and is detectable 
irrespective of the mode of onset of arthritis in this younger aee group (164). 
Serial studies among juvenile onset patients, and among adult onset patients 
whose clinical activity was independently assessed, have shown that the 
degree of galactosylation is directly related to disease activity (164). The 
finding that childhood and adult onset rheumatoid arthritis share the same 
defect in respect of the giycosylation of IgG suggests that there is a greater 
similarity between these two varieties of rheumatoid arthritis than has been 
hitherto considered. The observation that the agalactosyl IgG levels fluctuate 
with disease activity provides indirect evidence for a seminal role for this 
change in giycosylation in the inflammatory process which, in rheumatoid 
arthritis, is focused on the synovial tissues and results in bone erosions and 
joint destruction. 

Pathological Consequences of Increased Levels of Agalactosyl 
IgG in Rheumatoid Arthritis 

INFLUENCE OF N-GLYCOSYLATION ON IgG AGGREGATION Aggregated 

IgG is medically of importance for two main reasons. First, the im- 
munopathology of several diseases has been attributed to the production of 
aggregated IgG molecules. For example, in rheumatoid arthritis, the chronic 
inflammation of the synovial membrane of affected joints, as well as many of 
the extra-articular manifestations of this disease, have been ascribed to im- 
mune complexes (either localized in the joint, or circulating) (175). Second, 
many IgG preparations used in immunoglobulin replacement therapy of 
patients with primary immunodeficiencies, and particularly agammaglobu- 
linemias, lead to intolerance, probably due in part to the presence of aggre- 
gated IgG (176). Aggregated IgG may occur due to apolar contacts or 
electrostatic interactions between molecules, or may involve cross-reactivity 
with idiotype/anti-idiotype specificity. Interestingly, it has been found that 
aggregated IgG may be "dissolved" by treatment of purified IgG with mild 
pepsin at pH 4.0 (177). 
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Several reports have indicated that aggregation of human igG into com- 
plexes of various sizes is critically influenced by the N-glycosylation of that 
IgG. For example, the IgG present in the intermediate complexes in the serum 
of patients with rheumatoid arthritis has been shown to have an unusually hieh 
sialic acid content < 178-180). These immune complexes are also unusual in 
that they consist predominantly of IgG, implying that this molecule is both 
antibody and immunogen in this disease (181). Serum complexes in rheuma- 
toid arthritis therefore probably consist of self-associated IgG molecules. In 
one case this sialic acid was shown to occur on light chains, and was crucial 
for IgG self-association, since its removal by neuraminidase treatment abol- 
ished complex formation (178). The immunogenic site on IgG has been 
localized to the Fc moiety, but there is no evidence for amino acid changes m 
the Fc of this IgG. The dramatic changes in glycosylation of the Fc associated 
with rheumatoid arthritis suggest that it is these changes that render the Fc 
immunogenic in this disease. The cryoglobulin and cold agglutinin properties 
of certain monoclonal IgM and IgG molecules have also been found to 
correlate with their sialic acid content (182-184). The IgG monoclonal cryo- 
globulin Ger has been particularly well studied (184). Its properties as a 
cryoglobulin have been convincingly shown to arise from sialylated N-linked 
oligosaccharides located on the Fab in the first hypervariabte region of the 
heavy chain (at Asn 33). Taken together, these studies imply that N- 
glycosylation of the Fab of human IgG can exert an important influence on 
IgG aggregation/solubility. 

There are now data that suggest that the aggregation/self-association of IgG 
involves a unique subpopulation of molecules (166). The N-glycosylation 
of this subpopulation is essentially normal in so far as it carries the same 
set of oligosaccharide structures as monomelic IgG. but it is characterized 
by a high level of Fab N-glycosylation and the particular orjvul;;r..t 
of NeuNAca6Gal/34GlcNAc^2Mana6 (NeuNAca6Gal04GIcN Ac/32 Mana3 ) 
Man/34GlcNAcj34GlcNAc on its Fab. Human plasma IgG, which contains on 
average 2.8 N-linked oligosaccharide chains per mole of IgG. can be fraction- 
ated into monomelic, dimeric. and aggregated forms. A quantitative anaKsis 
revealed that aggregated IgG carries on average 3.5 N-linked oligosaccharides 
per molecule, while monomelic IgG carries 2.2. Human serum IgG has 2.0 
oligosaccharide chains on the Fc and any others are on the Fab. Hence, the 
aggregated form carried an average of 0.8 oligosaccharide chains on each 
Fab, while the monomelic form carried 0.1. This conclusion was supported 
by the increased incidence of disialylated oligosaccharides in the aggregated 
IgG, since these structures occur only on the Fab of human IgG (17, 162, 
165). The ability to dissolve aggregated IgG by mild pepsin treatment in- 
dicates that molecules when aggregated must be uniquely sensitive to pepsin. 
There is a decrease in disialylated structures in the total IgG after pH 
4:0/pepsin treatment, suggesting that the IgG aggregates were not "mono- 
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merized" but proteolytically degraded (166). Since dimers appear to be 
resistant to proteolysis, the sensitivity of the aggregates either results from the 
difference in the sequences of the Fab sugars or from conformational changes 
induced in the IgG molecules during aggregation. 

Further evidence for the roie of glycosylation in the aggregation of IgG 
comes from a study of the monoclonal antibody MRC 0x45 in which it has 
been shown that a subpopulation of the molecules can be induced to self- 
associate (166). This monoclonal antibody consists of a mixture of some 
molecules that carry an N-linked oligosaccharide in the Fd fragment, and 
some that do not (185). Since there are no amino acid differences between •» 
those IgG molecules earning a Fab oligosaccharide and those lacking one. 
either the individual cells within this clonal population differ with respect to 
their N-glycosylation capacity, or the cells are capable of partial (i.e. "faculta- 
tive") N-glycosylation. The self-aviating 0x45 monoclonal antibody mole- 
cules were found to have a much higher content of disialylated oligosacchar- 
ides than the monomenc ones. Further, the relative incidence of neutral, 
monosialylated. and disialylated oligosaccharides in the self-associated 
IgG was even higher than in the Fiab*> : of the total IgG (i.e. monomeric 
and self-associated forms). From these results, it was concluded that the 
self-associating forms are those molecules that contain Fab N-elvcosvlation 
(166). " • ' 

To date, the direct evaluation of the N-glycosyiation of IgG in the IgG-lgG 
self-associated complexes present in patients with rheumatoid arthritis with- 
out hyperviscosity syndrome has not been possible, since their free level in 
serum is generally too low for isolation in significant quantities (185). This 
low level is probably a consequence of the ability of human erythrocytes to 
bind and clear immune complexes and the capacity of this system is such that 
the steady-state level of free immune complexes in serum is never high ( 1 86). 
Further, autoreactive self-associated IgG produced in. the synoviunTmay not 
reach the peripheral blood in significant quantities, either because of in situ 
precipitation, or dilution-dependent dissociation in serum (187. 188). Howev- 
er, data on the carbohydrate composition of IgG present in the intermediate 
complexes isolated from the serum of patients with rheumatoid arthritis and 
with hyperviscosity syndrome invariably show an increased level of sialic 
acid (usually Fab-associated) (178, 1 79)' as compared to normal serum IgG, 
and decreased levels of Fc galactose content (178). Together, these observa- 
tions suggest that immune complex formation in rheumatoid arthritis involves 
both a particular Fab N-glycosylation and agalactosyl structure in the Fc. The 
molecular mechanisms whereby these two factors combine to cause IgG 
self-association are currently being explored. 

In conclusion we again emphasize that a single amino acid sequence can be 
diversified, through N-glycosylation, into a set of "glycoforms" (i.e. gly- 
coproteins sharing an identical polypeptide but differing with respect to the 
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structure, location, or incidence of individual oligosaccharides). This is parti- 
cularly true in mammalian systems, and IgG is no exception. Of the 30 or so 
different oligosaccharide structures found on total human serum leG, most are 
present on monoclonal antibodies. The number of potential glycoforms that 
can be generated from each monoclonal IgG polypeptide is therefore con- 
siderable, and the number of unique IgG glycoproteins in serum potentially 
vast, and some of these have different physical properties. In the case of both 
serum IgG and a mouse monoclonal antibody, those IgG molecules that 
aggregate carry a different relative proportion of this same set of oligosacchar- 
ides as compared to those IgG molecules that do not, and hence constitute a 
distinct set of glycoforms. Given the pathological consequences of IgG 
aggregate formation in vivo, these results support the hypothesis that altera- 
tions in the relative incidence of individual IgG glycoforms may be important 
in certain IaG solubilitv-reiated diseases. 

biological activity An understanding of the functional role of the Fc 
oligosaccharides comes from studies using aglycosyl monoclonal IgG's pro- 
duced in the presence of tunicamycin (189-191). The aglycosyl molecules 
retain the properties of the normal glycosylated molecule in respect of the 
binding of antigen, protein A. and Clq, and also with respect to CI activa- 
tion. However, the resistance to protease digestion is reduced, there is loss of 
binding to monocyte and macrophage Fc receptors, the ability to induce 
cellular cytotoxicity is reduced, and complexes with antigen fail to be elimin- 
ated rapidly from circulation. The carbohydrate chains have also been shown 
to be required for another biological function of IgG antibodies, namely 
feedback-immunosuppression (191). It is interesting to note that the carbohy- 
drate-dependent functions of the IgG all involve interactions with cellular 
bound receptors, whereas fluid-phase reactions are unaffected. ObviousK ;ho 
actual activity of IgG in any carbohydrate-dependent function is a "composite 
activity" due to the heterogeneity of the glycosylation of the Fc. This places in 
context the pathological consequences of relative changes in the incidence of 
individual IgG glycoforms in a variety of disease states. 

Disease states that are characterized by IgG molecules with exposed 
nonrcducing terminal N-acetylglucosamine residues may have an im- 
munopathology due to the exposure of a "latent" IgG function. Diseases 
associated with raised agalactosyl IgG levels (rheumatoid arthritis, Crohn's 
disease, and tuberculosis) are characterized by inflammatory tissue damage, 
fever, and weight loss. On the other hand, sarcoidosis and leprosy, which 
exhibit normal levels of agalactosyl IgG, are characterized by granulomas and 
massive macrophage activation, both via gamma-interferon and via a positive 
autocrine feedback loop involving 1,25 dihydroxy vitamin D 3 formation by 
the interferon-activated macrophages (192, 193). Such macrophages are 
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known to be primed for release of tumor necrosis factor. Yet patients with 
sarcoidosis or leprosy show little or no weight loss, fever, or necrosis 
secondary to endothelial cell damage and microcapillary thrombi. Thus, 
TNF/cachectin appears not to be released in these latter diseases. 

High release of TNF could indeed account for several clinical features of 
tuberculosis and rheumatoid arthritis that are absent in sarcoidosis (192). TNF 
is now known to be identical to cachectin, which causes weight loss (143 and 
references therein!. It is also a pyrogen, and the major mediator of endotoxic 
shock, which is characterized by diffuse intravascular coagulation and 
hemorrh-ci; xerosis in the gut. Effects of TNF on the vascular endothelium ; > 
lead to a !o>> of its normal anticoagulant properties, and release of TNF is 
often accompanied by the release of interleukin- i . Much of the necrosis in TB 
can therefore be attributed to microvascular thrombi, such as TNF will evoke. 
It has orer. demonstrated that live virulent Mycobacterium tuberculosis can 
substitute tor endotoxin in triggering TNF release il92i. Consequently, the 
ability of the M. tuberculosis organisms to trigger the activated macrophages 
to produce TNF in tuberculosis (but not in sarcoidosis) mav give rise to the 
individual disease characteristics. 

In vitro. TNF has been shown to inhibit endothelial cell proliferation in 
cultures and consequently it has been suggested that in vivo it may inhibit, for 
example, tumor neovascularization. However, recent data have demonstrated 
that in vivo TNF stimulates vascularization (143). This neovascularization is 
accompanied by a leukocyte infiltration (i.e. inflammation). Other well- 
established angiogenesis factors induce capillar)' vessel formation in the 
absence of an inflammatory response. TNF is readily detected in the synovial 
fluid of patients with rheumatoid arthritis (194). Further, established synovitis 
in patients w'nh rheumatoid arthritis is associated with neovascularization. It 
has recently been proposed that agalactosyi lgG itself is a potent stimulator of 
TNF release from activated macrophages ( 163). This may be a consequence 
of IgG bound to the macrophage Fc-receptor also binding via its exposed 
nonreducing terminal GIcNAc residues either to some macrophage GlcNAc- 
binding receptor ( 195), or to the GIcNAc-binding CR3 receptor ( 196). These 
GlcNAc-receptors appear also to bind lipopoiysaccharide or lipid X with 
subsequent TNF release. 

"aged" IgG The galactosyl ation of the N-Iinked oligosaccharides of human 
serum IgG is an age-related molecular parameter (197). The extent of 
galactosylation was found to vary parabolically with age. Immunological 
competence is known to vary with age. and interestingly, these age-dependent 
variations are also often parabolic in nature. For example, both antibody 
response and avidity increase during postnatal development, reach a max- 
imum in adulthood, and then decline during senescence (198). Cellular 
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changes (both helper and suppressor T-celi levels) appear to account tor most 
of these variations in immunologicai competence * 198. 199). Surviving older 
humans have an increased frequency of auto-antibodies and rheumatoid fac- 
tor, as well as an increased frequency of idiopathic paraproteinemias (200). 
The heterogeneity within age groups may be due to intrinsic differences in 
genetic endowments* or may reflect the impact of extrinsic factors. The 
natural variation in galactosylation of IgG with age, together with the 
observation that serum IgG from patients with rheumatoid arthritis has a 
similar clearance rate to that from much older normal individuals (173), raises 
the possibility that one of the lesions in rheumatoid arthritis may be an 
accelerated "aging" of the immune system. Indeed, age-related variation in 
oligosaccharide-mediated functions may. in some cases, be the basis for the 
age-association of certain diseases. Certainly more studies addressing this 
interesting topic are needed. 

Molecular-Mimicry by Environmental Pathogens of 
Endogenous Carbohydrate Epitopes 

Biological mimicry of endogenous products is well known (e.g. morphine 
mimics endorphin). A similar situation. may account for the immunological 
effects of various peptidoglycans. For example, there are structural similari- 
ties between sleep factor (GIcNAC.1.6 anhydro-MurNAc-Ala-y-Glu-dap- 
Ala). which regulates the balanc^ of rapid eve movement (REM) and slow 
wave (SW) sleep, and peptidoglycan fragments from cell walls of gram- 
negative bacteria, which are immunoadjuvants and also somnogenic [e.g. 
GlcNAc muramyl dipeptide (GMDP). and muramyl dipeptide (MDP)] (201- 
203). Interestingly, muramyl peptides (MP) can induce the synthesis and 
release of interleukin-1 from leukocvtes as well as from brain astrocytes 
(204). It has been proposed that interleukin-1 contains an MP-like structure 
since it cross-reacts with an antibody to MP (i.e. the antibody against MP also 
blocks the activity of interleukin-1 >. Interleukin- 1 has somnogenic and 
pyrogenic activity, and probably contributes to the subjective feeling of 
sleepiness that often accompanies infectious disease (201). Obviously then, 
antibodies to GlcNAc-containing epitopes present in the environment, which 
cross-react with endogenous epitopes, may have both immunological and 
neurological effects. 

The immune response to terminal GlcNAc may also be the basis for bee 
venom allergies. Recent sequence analysis of the N-linked oligosaccharide 
moieties of allergenic glycoproteins present in bee venom has demonstrated 
the presence of nonreducing terminal N-acetyiglucosamine and fticose resi- 
dues (205, 206, 206a). These N-glycans have been shown to be specifically 
recognized as epitopes by IgE antibodies from allergy sera (206). In- 
terestingly, administration of bee venom prevents the arthritic syndromes in 




GLYCOBIOLOGY 821 

adjuvant-induced experimental arthritis (using mycobacteria), and is effective 
in the treatment of rheumatoid arthritis in humans (207-211). 

Terminal GlcNAc-rcsidues are relatively rare in mammalian tissues. If 
when present they have a regulatory function, then antibodies to cross- 
reactive GlcNAc-containing epitopes present in the environment, particularly 
the adjuvant bacterial components (GlcNAc contain peptidoglycans), would 
have interesting autoimmune effects. IgG is unique among circulating gly- 
coproteins in having a naturally occurring low, but still significant, basal level 
of glycoforms expressing oligosaccharide chains terminating in GlcNAc (un- 
published results). A number of cellular receptors for GlcNAc-terminating 
sugar chains have been reported (212). These may be functionally important >) 
in the recognition of peptidoglycan structures of bacterial cell walls, in tumor 
surveillance (see later), and in macrophage recognition of cells undergoing 
programmed cell death (apoptosis). Immunopathological consequences of 
IgG molecules presenting an abnormally high concentration of peripheral 
GlcNAc residues can be understood in terms of a disruption of a stable 
network of interacting cells and receptors for the GlcNAc epitope. For 
example, antibody to terminal GlcNAc might have some of the properties of 
rheumatoid factor. Indeed, it has recently been reported that mice immunized 
with the peptidoglycan/polysaccharide complex of Group A streptococci can 
be used as a source of monoclonals binding to the terminal GlcNAc residues 
situated in the C H 2 domain of serum IgG isolated from rheumatoid arthritis 
patients ( 214). This study is important since Group A Streptococci, which are 
associated with rheumatic fever, appear to be able to evoke formation of 
antibodies that will bind to an epitope on the agalactosyl IgG present in 
rheumatoid arthritis. The Group A Streptococci peptidoglycan is rich in 
GlcNAc and patients with rheumatic fever are known to have raised levels of 
antibody to GlcNAc (292). Correspondingly, patients with rheumatoid arthri- 
tis have recently been shown to have raised levels of antibodies that bind to 
the Group A Streptococci (293. 294). 

In summary, autoimmunity against endogenous carbohydrate epitopes may 
have profound effects on a variety of physiological processes. (Individual 
genetic endowments obviously determine how we "respond" to environmental 
carbohydrate epitopes.) It will be interesting to see if future research supports 
the idea that groups of diseases (e.g. rheumatoid arthritis, tuberculosis, 
Crohn's) are indeed related by a common etiology, although clinically per- 
ceived as different diseases. In addition, much may be gained by asking the 
question "why do certain people not develop a particular disease?", rather 
than from the opposite and conventional approach to etiology (215). For 
example a striking negative association exists between rheumatoid arthritis 
and schizophrenia (21S). Indeed at one time it was believed that the two 
diseases were mutually exclusive. It has recently been proposed that the 
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balance of REM/SW sleep affects the tendency to hallucinate (216), and that 
this balance is regulated by the sleep factor containing terminal GlcNAc 
(201-203). 

Pathological Consequences of Naturally Occurring 
Anti-Carbohydrate Antibodies 

It has been reported (57. 217, 218) that all human sera contain large quantities 
(up to \% of all circulating IgG) of a naturally occurring antibody that binds to 
the antigenic epitope Galal-»3Gal. Low levels of GaJal->3Gal containing 
glycosphingolipids have been found on human erythrocytes and may function 
as senescence antigens. These epitopes are exposed upon aging of the erythro- 
cyte and serve as binding sites for the naturally occurring anti-Gala l—3Gal 
antibody. Inappropriate exposure of these cryptic antigens in various hemato- 
logical disorders leads to premature destruction of erythrocytes and has been 
directly implicated in the premature destruction of erythrocytes in sickle cell 
anemia (217, 218). An interesting inverse species-evolutionary relationship 
exists between the expression of glycoconjugates containing GaIal-*3Gai 
epitopes and the natural occurrence of this anti-Gal antibody (257). In view of 
the species specifity of N-glycosylation, the presence of naturally occurring 
antibody in human serum against carbohydrate epitopes on circulating glyl 
coproteins in New World monkeys and nonprimate mammals (e.g. rat, rabbit, 
cow, etc) obviously may limit $ e use of human glycoproteins Expressed in 
cell-lines derived from these species. 

Associations of N-Glycosylation with Tumorigenic and 
Metastatic Phenotypes 

In many instances the pattern of tumor spread cannot easily be explained by 
direct extension followed by diffuse or hematogenous spread. The ruies 
governing the peculiar tropic behavior of many tumors are not yet fully 
understood. However, the expression of specific oligosaccharide structures 
on cells may contribute to their rumorigenic or metastatic behavior. For ex- 
ample, a comparative analysis of the cell-surface oligosaccharide structures 
present on baby hamster kidney cells (BHK) following viral transformation 
by either the Rous sarcoma virus or the polyoma virus has demonstrated an 
increase in Asn-linked complex-type oligosaccharides that contain an N- 
acetylglucosamine residue linked 0l->6 to mannose (92, 219. 220). In- 
terestingly, the changes were relative (i.e. not qualitative) and found to be 
secondary to an increased relative activity of GlcNAc transferase V (219). 
More recently it has been demonstrated that the presence of leukocyte aggluti- 
nin (L-PHA) binding 0l->6 branched N-linked oligosaccharides on an in- 
dividual cell-surface glycoprotein (gp!30) correlates wfth intracellular levels 
of GlcNAc transferase V, and in a linear way with the metastatic potential of 
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tumor cell lines, but not tumor formation per se (221). Both selection for and 
against metastatic potential was associated with an increase and decrease, 
respectively, in the expression of such N-linked oligosaccharides on gpl30. 
These results imply that a shift in the glycoform population of gpl30 (or 
perhaps all glycoproteins) on the tumor cell surface toward those with /31 — >6 
linked branching of the N-Hnked oligosaccharides is associated with a corre- 
sponding increase in the metastatic potential of that cell. Presumably the 
actual metastasis of a particular tumor cell would occur once a critical 
threshold of the appropriate glycoform population^) had been achieved. That 
is, qualitative changes in a biological property (metastatic versus nonmetasta- 
tic) could be achieved by a quantitative change in the activity of GlcNAc 
transferase V. The analysis of glycosylation mutants of highly metastatic 
tumor cell lines has shown coordinate changes in the activity of a number of 
the GlcNAc transferases, sueeesiine a rceuiutw- mechanism that controls 
sets of transferases (221). These same authors have also demonstrated that 
tumors are heterogeneous for the metastatic phenotype, and that a subpopula- 
tion of cells expressing a high density of the "metastatic" glycoforms has a 
selective metastatic advantage over the cells expressing a lower density of 
^metastatic' 1 glycoforms on their cell surface i221i. 

The predictive value of lectin binding in disease diagnosis and prognosis 
can be extended to the detection of carbohydrate expression in paraffin- 
embedded sections of primary tumors. Recently a lectin from Helix pomatia 
has been found to bind to a subpopulation of breast cancer cells associated 
with metastasis to local lymph nodes (222). Paraffin sections up to 20 years 
old were analyzed by lectin binding, and statistical associations with lymph- 
nodes stage, locoregional recurrence, and survival were shown. 

The ability of host natural killer (NK) cells to limit metastatic spread of 
tumor cells may also be dependent, in pan. on the density of specific 
oligosaccharide structures on the tumor cell surface. The use of glycosylation 
mutants and specific inhibitors of N-linked oligosaccharide processing have 
demonstrated that natural killer cells have the ability to recognize and lyse 
targets depending upon the type of N-linked oligosaccharides present on the 
target cells (221, 223-227). In particular, cells expressing high densities of 
high-mannose-type, hybrid-type, and incomplete complex-type (i.e. exposed 
GlcNAc) N-linked oligosaccharides are more sensitive to natural killer cell 
lysis than cells expressing completely processed sialylated complex-type 
oligosaccharides that appear to escape natural killer surveillance. 

Glycoproteins secreted eutopically and ectopically by tumor cells in vivo 
generally reflect the tumorigenic process per se. The carbohydrate moieties of 
these glycoproteins can be useful epitopes for tumor diagnosis. Fucosylated 
variants of a-fetoprotein (AFP) have recently been described that appear to be 
good markers for hepatocellular carcinoma, and helpful in the follow-up of 
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patients with benign liver diseases (228-231). These variants can be detected 
by their reactivity with Lens culinaris agglutinin using lectin-agarose affinity 
chromatography. In the rat, ectopic expression of GlcNAc transferase III in 
hepatoma ceils leads to the biosynthesis of y-glutamyltranspeptidase ( y-GTP) 
containing "bisecting" complex-type N-linked oligosaccharides (54) The 
enzyme produced by normal rat liver as well as other nonmalignant diseased 
livers does not contain this tumor epitope. Interestingly, this chanee is not 
tumor-specific when considered in the context of organ-specificity of N- 
glycosylation as y-GTP produced normally by rat kidney contains "bisectmg" 
complex-type structures (232). Affinity chromatography of the desialvlated 
human serum y-GTP on a Phaseolus vulgaris erythroagglutinin lectin-aearose 
column has recently been used to confirm this structural chanee in patients 
with primary hepatoma (233). Structural characteristics of the sugar moieties 
of the glycohormone hCG derived from placenta, hydatiform mole, invasive 
mole, and choriocarcinoma further demonstrate the value of analyzing eu- 
toptcally secreted glycoprotein from tumors. Both choriocarcinoma and in- 
vasive mole ectopicaJIy express GlcNAc transferase IV, and consequently 
produce tumor-specific glycosylation variants of hCG (234-237). The hCG 
molecules that contain this epitope can be detected bv their ability to bind to a 
Datura stramonium agglutinin-agarose column (237). Interestingly, there is 
no overlap of oligosaccharide structures between the tumor-produced and 
normal tissue-produced hCG. 

The carbohydrate analysis offectopically secreted glycoproteins has also 
demonstrated the uniqueness of oligosaccharide structures produced in tumors 
when compared to the native forms (238. 239). A comparative analysis of 
human parotid a-amylase from a lung bronchioloalveolar adenocarcinoma 
and an ovary papillary cystadenocarcinoma showed no oligosaccharides in 
common between the native and cancer-derived forms. The structures- of 
asparagine-linked sugar chains were the same in both the tumors, and were 
incomplete m comparison with those of the parotid-derived amylase (239) 
Whereas a number of the structures found on hCG derived from choriocarci- 
noma have not been found elsewhere, the structures present on the tumor- 
secreted a-amylases have been found on native glycoproteins (18) i e « 
human IgG). " 



NEURAL CELL-ADHESION— REGULATION OF 
CARBOHYDRATE STRUCTURES INDEPENDENT OF 
POLYPEPTIDE BACKBONE 

The discovery of cell-surface glycoproteins involved in cellular adhesion has 
opened the way for the analysis of the molecular events involved in this 
important developmental process (240). These molecules have been func- 
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tionally defined as cell adhesion molecules (CAMs) since they influence the 
specific adhesion of cells as judged by in vitro assays. Two primary CAMs, 
which are expressed in early embryonic cells and also in the adult central 
nervous system (CNS), are the neural cell adhesion molecule (N-CAM) and 
the liver cell adhesion molecule (L-CAM). These are differentially expressed 
at known sites of embryonic induction (241). 

The best-characterized CAMs are those involved in the embryonic develop- 
ment of the mouse CNS. Four such glycoproteins are now known to mediate 
(Ca 2+ -independent) adhesion among different neural cell-types at different 
developmental stages. These are the N-CAM (a glycoprotein that occurs in 
the adult CNS in three, forms [of 180. 140 and 120 kd), which all derive by 
alternative RNA splicing from a single structural gene (242)], the neuron-glial 
adhesion molecule(s) Jl (243). the myeiin-associated glycoprotein [MAG, 
occurring in two forms of 67 and 72 kd (244)], which mediates neuron- 
oligodendrocyte and oiicodendrocyre-oligodendrocyte adhesion (245). and 
the LI glycoprotein! s) implicated in neuron-neuron adhesion (246). 

The above four cell adhesion molecules are all N-glycosylated, and their 
N-linked oligosaccharides have been implicated in the adhesion events that 
they mediate (247. 248). For example, the sialic acid residues have been 
shown to be important for modulation of the homophiiic binding of N-CAM 
molecules (249), and differences occur in glycosylation between the 
embryonic and adult forms, particularly with respect to the extent and nature 
of sialylation of the N-Iinked oligosaccharides (250), Further, the four gly- 
coproteins (i.e. N-CAM. Jl. MAG. LI) appear to share a common carbo- 
hydrate epitope, as defined by the anti -carbohydrate monoclonal antibodies 
L2 and HNK-1 (246, 251) (the latter was originally raised against a human 
natural killer cell line). 

Molecules that contain the L2/HNK-1 carbohydrate epitope make up the 
L2/HNK-1 family of cell-adhesion molecules. Further, since only some of the 
polypeptides of a particular adhesion molecule express the epitope, the ex- 
pression of the carbohydrate structure seems to occur independently of the 
protein backbone (252). The importance of a "cell-adhesion family" lies in the 
finding that molecules expressing the epitope appear to have similar physi- 
ological roles and there are hints that the epitope itself may be involved in cell 
adhesion. A second cell-adhesion family is characterized by the L3 carbo- 
hydrate epitope (252. 253). Members of this family include some members of 
the L2/HNK-1 family (i.e. LI and MAG), as well as distinct molecules such 
as AMOG (glial cell-adhesion molecules) (253): 

Peripheral neuropathies are often associated with patients having monoclo- 
nal IgM due to plasma cell abnormalities (254, 255). The IgM from some of 
these patients has been shown to bind to the glycoprotein MAG of the 
L2/HNK-1 cell-adhesion family, and also to an acidic glycolipid present in 
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the ganglioside fraction of the human peripheral nervous system (256). 
HNK-l reacts with the same acidic glycolipid antigen isolated from the 
human peripheral nerve, which has recently been characterized as sulfate-3- 
GlcAj3( I— >3)Gal/3( 1— 4)GlcN Ac/M 1— 3)Gal/» l-*4)Glc( 1— 1 )-ceramide 
(255). The presence of a 3-sulfoglucuronosyl residue in the lipid was found to 
be essential for HNK-l reactivity. The HNK-l reactive carbohydrate epitope 
on the cell-adhesion glycoproteins has not been characterized, but glucuronic 
acid has been reported to be present on the N-linked glycans of the HNK-l 
reactive ependymin glycoproteins (257), and most adhesion molecules are 
thought to contain sulfated oligosaccharides. Ependymins are a family of 
extracellular glycoproteins present in goldfish and mammalian brain that have 
been shown to form an extracellular matrix, and have been implicated in 
events that lead to synaptic changes associated with learning and the processes 
of neural regeneration < 257V 

Cell-adhesion molecules may play important roles in the specification of 
cell contacts not only between neighboring cells, but also between the cell 
surface and the extracellular matrix, the components of which may also be 
modulated during neural (and non-neural) development. Thus, a neural pro- 
teoglycan containing an active chondroitin sulfate species and the HNK-l 
epitope has been found to interact with a neuron-glial adhesion molecule, 
cytotactin, found in the extracellular matrix (258). Moreover, N-CAM, also 
with the HNK-l epitope, is know^to bind to heparinlike molecules in the cell 
substratum in developing chick nervous tissue (259). 

Recent studies on the glycoprotein Po suggest that it exists as a heterogly- 
codimer complex (i.e. a complex of two different Po glycoforms). Po is the 
major protein constituent of myelin in the peripheral nervous system of 
mammals (260, 261). The structure of the extracellular domain of Po' suggests 
that this protein may mediate the association of extracellular membrane 
surfaces in myelin (260). Homophilic or "self-adhesive" properties have been 
proposed for this glycoprotein, and are thought to derive from hydrophobic 
interactions involving the peptide or interactions between facing sugar moi- 
eties (260). Po has only one glycosylation site yet expresses both the L2/ 
HNK-l and L3 carbohydrate epitopes (262). Carbohydrate analysis of Po 
shows that 50% of the oligosaccharide chains contain sulfated residues (a 
component of the L2/HNK-1 epitope), and 50% contain sialic acid (a com- 
ponent of the L3 epitope). The presence of sialic acid and sulfate on a single 
oligosaccharide chain appears to be mutually exclusive, since no structures 
containing both sialic acid and sulfate were found (unpublished data). Since 
each Po molecule has only one attached oligosaccharide, and since only 50% 
of the Po molecules isolated by using an L-2 monoclonal antibody affinity 
column carries oligosaccharides recognized by that monoclonal antibody, 
each antibody-positive Po molecule must be associated with at least one Po 
molecule that is nonreactive and contains a different oligosaccharide. Homo- 
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philic self-association of a glycoprotein may therefore be a misnomer and 
conceptually inaccurate unless the definition of a cell-adhesion molecule 
includes a set of glycoforms. Such considerations are now implicit in certain 
recent models of cellular adhesion (262a). 

Neural adhesion molecules may play a role in governing the patterns of 
development and distribution of both nervous and immune systems of cells. 
The HNK- 1 epitope has recently been reported to be present on avian lympho- 
cytes of both B and T lineages (129). Expression of this epitope during 
ontogeny revealed unique developmental patterns for cells of the two lym- 
phoid pathways. Antiserum reactive with the protein part of chicken myelin- ^ 
associated glycoprotein was shown to react with material in membrane ex- 
tracts of HNK- 1 -positive thymocytes, suggesting that this nerve cell com- 
ponent is expressed on ceils of the immune system (129). The presence of this 
"neurai adncsion" rr.olecuie on lymphocytes may be important in the binding 
of lymphocytes to the high endothelium of venules. The proposal that the 
lymphocyte "homing" molecules, which direct the traffic of specialized sub- 
populations of lymphocytes, may also be utilized as neural adhesion mole- 
cules, is exciting (129) and may be important in our understanding of the 
mechanism of vascular egress by immunocompetent cells, and entry into the 
brain dunng multiple sclerosis and experimental allergic encephalomyelitis 
(263). (The antigen-independent egress of lymphocytes into the synovium in 
rheumatoid arthritis (140) has been discussed in lectin -carbohydrate in- 
teractions in lymphocyte migration). 

Endothelial cells are induced by astrocytes (264) to form highly imperme- 
able tight junctions, an important purpose of which is to allow a discrete 
internal environment to be maintained within the CNS (blood-brain barrier). 
Little is known about the glycosylation pattern of proteins in the cerebrospinal 
fluid (CSFi compared with those in serum. This is largely because the protein 
concentration in CSF is very much lower than that in serum, and the volume 
available for analysis is generally small. However, a study using serial 
lectin-agarose chromatography of the ribonucleases from human CSF has 
shown that their glycosylation is different from that of ribonucleases in human 
serum (76). This raises the possibility that transport across the blood-brain 
barrier may involve only certain glycoforms of ribonucleases or that there is 
modification of the oligosaccharide portion of some ribonucleases associated 
with this transport (265). Alternatively, if the ribonucleases are synthesized 
within the central nervous system (CNS). then in view of the tissue-specificity 
of N-glycosylation, their glycoforms may be different from those in serum. 
To date, no complete primary monosaccharide sequence of either the com- 
plex-type or the hybrid-type structures present in CNS tissue has been re- 
ported. Preliminary data on the glycoproteins proneurovasopressin. N-CAM, 
LI. Jl. MAG. and Thy-1. all suggest "brain-specific" oligosaccharide struc- 
tures (unpublished data). A comparative analysis of the class of the N-linked 
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oligosaccharides at each of the three N-glycosylation sites of mouse and rat 
brain Thy- 1 suggests a close similarity (unpublished data), despite differences 
in the primary amino acid structure, implying a degree of conservation of 
neural N-giycosylation between species. 



THE ROLE OF OLIGOSACCHARIDES IN THE ACTION 
OF GONADOTROPIC HORMONES 

It is now well established that deglycosylation of human chorionic gonadotro- 
pin (hCG), either chemically or enzymatically. leads to an increased affinity 
of its binding to the receptor, but almost total loss of bioactivity (i.e. adenyl 
cyclase activation) (see 266 for references). 

The glycohormone hCG is derived from rhe ^ ncytiotrophoblast cells of the 
placenta, and is composed of two subunits. a and 0. and is about 30<7c 
carbohydrate by weight ( 267). Both subunits contain two N-linked oligosac- 
charide chains, but additionally the 0-subunit contains four O-linked chains. 
The structural analysis of the oligosaccharides (234, 235) has revealed that 
one of the structures on the a-subunit is a complex-type monoantennary 
chain, a structure not found to occur widely on other glycoproteins. On the 
basis of the molar proportions of the oligosaccharides present, it was proposed 
(234) that there is site-specie glycosyiation, with each site being 
homogenous. This 'lack" of heterogeneity, in relation to that often found for 
carbohydrate structures, may indicate a unique role for the oligosaccharides in 
the action of this hormone. 

Treatment of hCG with neuraminidase leads to its rapid removal from the 
circulation (268). but treatment with neuraminidase and j3-galactosidase has 
no significant effect on the haii-iiic. ;he receptor binding unaffected, 

but dramatically reduces adenyl cyclase activation (by -85%) (268). A study 
of hCG in which either the a- or the 0-subunit had been deeiycosylated 
showed that only the oligosaccharides ,m ± c ^. su bunit were" needed for 
coupling receptor binding to adenyl cyclase activation (269). Deglycosylated 
hCG was a potent competitive inhibitor of the binding of the native hormone 
(269). In contrast, glycopeptides. or free oligosaccharides, derived from the 
hCG a-subunit, inhibited in an uncompetitive way the adenyl cyclase activa- 
tion, but did not inhibit receptor binding of hCG (266). This inhibition was 
specific, in that complex N-linked oligosaccharides from several other gly- 
coproteins showed no such inhibition (266). 

Supporting evidence for the role of the oligosaccharides comes from the 
properties of hCG produced in patients with choriocarcinoma (236). This 
hCG had the same amino acid composition as normal hCG and also contained 
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four N-linked oligosaccharides. However, the structures of its sugar chains 
were quite different from those on the "native" hormone, due to an increase in 
fucosyi transferase activity and the novel expression of an abnormal 0-N- 
acetylglucosaminyl transferase IV in the choriocarcinoma cells. This hCG 
was found to have a much lower biological activity, but a threefold increase in 
affinity for its receptor when compared with native hCG (270). These results 
are consistent with an increase in receptor-binding affinity and a reduction in 
biological activity for the deglycosylated hCG. 

These data suggest that the N-linked oligosaccharides of the a-subunit of 
hCG play a crucial part in signal transduction during a presumably lectin- 
mediated event occurring after binding of hormone to the receptor, and before > 
activation of adenyl cyclase. Two recent observ ations suggest that, while such 
an idea is probably essentially correct, the actual details are more complex. 
First, it has been reported that there exist two "types" of receptors for hCG, on 
different cell types (271. 272). One of these (common on the light cell- 
fraction of Leydig cells) binds hCG tightly, but there is no subsequent 
steroidogenic activity. The other receptor (found on the heavy cell-fraction of 
Leydig cells) responds to hCG with increased steroidogenesis, but no binding 
by these cells of hCG can be detected. It was implicit in previous studies 
comparing effects of glycosylation on binding and biological activity that a 
single receptor existed. Second, the biological inactivity of the deglycosylated 
hCG can be reversed by binding certain antibodies (or their Fab fragments) 
directed only against the /3-subunit (273). This observation is not easily 
reconciled with the above results (266). It is possible that the N-linked 
oligosaccharides of the anti-/3 subunit IgG acted in a "surrogate" fashion to 
mimic the missing oligosaccharides of the /3-subunit. Alternatively, if the 
a-subunit oligosaccharides interact with the 0-subunit. to convert the /3- 
subunit into a configuration in which the /3-subunit can cause adenyl cyclase 
activation, then certain antibodies against the /3-subunit may restore biologic- 
al activity. Support for this idea comes from the analysis of the free a- 
subunits present in the urine of healthy pregnant women or patients with 
tumors. In all cases, no monoantennary oligosaccharides, which normally 
occur on a-subunits present in the bioactive a/3 complexes, were found on the 
free a-subunits. None of the free a-subunits were able to combine with 
/3-subunits, suggesting to the authors that the sugar may play an important 
role in the assembly of the complex (237). However, as discussed above, 
deglycosylated a-subunits can associate with 0-subunits to produce a recom- 
binant hCG that is a potent competitive inhibitor of native hCG. A resolution 
of these apparent discrepancies requires an identification of the putative 
receptor for the oligosaccharides on the a-subunit. 
This coupling of receptor occupation to adenyl-cyclase activation by the 
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oligosaccharides of the a-subunits is equally important to the mode of action 
of other gonadotropic hormones [luteinizing hormone (LH), follicle- 
stimulating hormone (FSH)). and thyroid-stimulating hormone (TSH). It has 
been convincingly shown for all these hormones that the presence and integ- 
rity of the N-linked oligosaccharides of the a-subunit are essential for the 
activation of adenyl cyclase in the target tissue— but not for binding to the 
hormone receptor (274-276). The N-linked oligosaccharides of the jS-subunit 
do not appear to be involved in either event. Recombinant glycohormones (of 
LH and FSH), in which either the a or the 0 subunit, or both, had been 
chemically deglycosylated. were studied for receptor binding and cAMP 
production (274). Deglycosyiation was consistently associated with increased 
affinity of binding to the receptor. Deglycosyiation of just the jS-subunit had 
little effect on cAMP production, but deglycosyiation of the a-subunit virtual- 
ly abolished this. Further, the deglycosylated glycohormones were potent 
competitive inhibitors of binding of the native hormone. The recent discovery 
of naturally occurring FSH antagonists that block the biological activity of 
FSH but that show virtually identicaJ immunoreactivity to FSH raises the 
possibility that deglycosylated (or atypically glycosylated) forms of the FSH 
polypeptide may be naturally used as FSH antagonists (276a). 

MHC AND GL YCOS YLATION 

Many differentiation antigens, some carbohydrate in nature, are transiently 
expressed and tolerated without any apparent autoimmune response. The 
mechanism! s) for this tolerance have not yet been fully defined. It has been 
proposed that cross-reactivity between the protein determinants of self anti- 
gens and self MHC antigens (particularly Class II) could prevent an auto- 
immune reaction (277). An alternative hypothesis is that potential auto- 
antigens (for example, the proteolytic cleavage products of the complement 
system) are closely linked genetically to particular MHC antigens that are able 
to create an immune repertoire tolerant of those autoantigens (277). Clearlv. 
since not all differentiation antigens are encoded within the MHC. alternative 
mechanisms are necessary for the induction of tolerance to differentiation 
antigens. Cross-reactivity between differentiation antigens and MHC anti- 
gens, without encoding for them within the MHC. could be possible if certain 
structural elements of the differentiation antigens were determined by loci 
within the MHC. An obvious possibility is that glycosylation of cell-surface 
antigens is under the influence of the MHC, and this has been suggested (278 
279). 

The weight of current data now suggests that transfected class I antigens 
can still be recognized after deletion of the N-giycosyiation sites (280). This 
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result firmly establishes that oligosaccharides residues on the class I MHC 
antigens themselves are not important for the recognition of these molecules. 
However, evidence does exist to suggest that the MHC loci can affect 
glycosylation. For example, la antigenic specificities can be either protein or 
carbohydrate (281). Further, certain H-2 mutant mice simultaneously express 
both altered protein and altered carbohydrate antigens (282). Glycopeptides 
obtained from various murine tumor cell lines have also been found to 
strongly inhibit the binding of primed allospecific cytotoxic T-cells to their 
target in an H-2-restricted manner (283. 284) (i.e. the glycopeptide extracts 
must be derived from a cell line expressing the same H-2 haplotype as the 
tarset cells). In this study (2Sa>. :ne authors concluded that "cytotoxic 
lymphocytes recognise, in part, carbohydrate structures on the surface of 
target cells whose specific structure is linked to. or determined by, genes of 
the MHC." To date, two enzymes anectinc glycosylation have been mapped 
to the MHC. The loci controlling the activities of neuraminidase in liver (285) 
and activated T-cells (286) map within the MHC, as do those of the cell- 
surface galactosyl transferase (86). and the GM| synthetase [UDP- 
2alactose:GM-.(NeuGc) ealactosv! transferase) (287). Collectively, these re- 
suits provide experimental support for the idea that MHC loci can exert an 
influence on the glycosylation capacity of a cell. If true, this would have 
profound implications for our understanding of the immunobiology of the 
MHC. Proof requires the demonstration of haplotype-specific glycosylation 
patterns. In addition, the direct involvement of N-linked oligosaccharides as 
immunoregulatory agents has recently been demonstrated (288, 289). The 
Tamm-Horsefall glycoprotein (uromodulin) isolated from human pregnancy 
urine (85 kd), containing 30% carbohydrate, is thought to suppress T-cell 
proliferation primarily by binding to. and lowering the activity of, the T-cell 
growth factor, interieukin- L It has been shown that the uromodulin N-linked 
oligosaccharides alone are immunosuppressive and that the binding of uromo- 
dulin to interieukin- ! (K d 3 x 10" involves the oligosaccharides, thereby 
also establishing lectinlike properties for interieukin- 1 (289). With the recent 
finding that TNF also binds to uromodulin it would seem fruitful to explore 
the extent to which oligosaccharide-lectin interactions are used to regulate the 
circulating levels of the lymphokines (296). 
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Cultured mammalian cells are being used 
to produce proteins for therapeutic and 
diagnostic use because of their ability to 
perform complex post-translational modi- 
fications, including glycosylation. The oli- 
gosaccharide moieties can play an impor- 
tant role in defining several biological 
properties of glycoproteins, including 
clearance rate, immunogenicity, and bio- 
logical specific activity. There is a grow- 
ing interest in defining the factors that 
influence glycosylation, including the cell 
culture environment. In this review we 
organize the published data from in vitro 
ceil culture and tissue culture studies that 
demonstrate direct effects of the culture 
environment on N-linked glycosylation. 



The majority of extracellular proteins of higher 
animals, including many proteins of potential 
pharmacological importance, are glycoproteins. 
The oligosaccharide side-chains are covalently 
attached to asparagine. threonine or serine side chains on 
the protein backbone — that is. they are either "N-linked" 
or "O-linked" (reviewed in refs. 1 and 2). The sequence of 
oligosaccharide processing reactions for N-linked glycosy- 
lation begins with the svnthesis of a lipid-linked. oligosac- 
charide moiety (GlcjMa^GlcNAcj-P-P-dol) and its trans- 
fer en bloc to the nascent polypeptide chain in the endo- 
plasmic reticulum (ER) (Fig. I. reaction 1). A series of 
"trimming" reactions are catalvzed by exoglycosidases in 
the ER, leading to a variety of "high mannose"' oligosac- 
charide structures as the proteins exit (Fig. 1, reactions 2. 
3 and 4). Oligosaccharide processing optionally continues 
in the compartments of the Golgi, with a variety of 
exoglycosidase and glycosvitransferase reactions leading 
to the generation of "complex tvpe" oligosaccharide struc- 
tures (Fig. 1, reactions 5 through ll) 2 --". 

A given glycoprotein mav have one or manv sites for tiie 
attachment of oligosaccharide moieties. For example, IgG 
usually contains just one N-linked oligosaccharide chain in 
the constant heavv chain reeion. with ihe oligosaccharide 



moietv constituting less than 59c bv weight of the glyco- 
protein 11 . Murine or human l?M typically has five N- 
linked oligosaccharide moieties in the constitutive heavv 
chain region 7 , representing about 10% by weight of the 
glvcoDrotein. The oligosaccharide moieties of erythropoi- 
etin represent approximately 409c bv weight of this glyco- 
protein^. . . 

Given the location of these carbohydrate groups on the 
outer surface of the protein, it is not surprising that the 
oligosaccharide moietv can have a significant effect on the 
phvsicai/chemical properties of Xhe protein, including 
thermal stability and solubility 0 . The oligosaccharide moi- 
eties aiso affect the "biological" properties of the glycopro- 
tein. For example, it has been demonstrated in vivo that 
oligosaccharides (particularly terminal sialic acid groups) 
plav an important role in defining the immunogenicity of 
a glycoprotein (reviewed in rets. 10 and II). Protein 
clearance from the circulatorv system is primarily mediat- 
ed bv recognition of specific oligosaccharide moieties 
(reviewed in refs. 12-14; see also refs. 15 and 16). 
Therefore, differences in oligosaccharide structure can 
dramatically affect the clearance rate of an injected glyco- 
protein 15 . 

In addition to their effect on clearance rate, the oligo- 
saccharide moieties sometimes plav a significant role in 
determining the "biological specific activity" of glycopro- 
teins — that is. the activity per gram of glycoprotein (re- 
viewed in ref. 17). For example, glycosvlation can have a 
signihcant effect on the biological specific activity of 
several pituitary and placental glycoprotein hormones 
toward their target cells (reviewed in refs. 18 and 19); 
complete deglycosylation of thyrotropin results in re- 
duced biological specific activity toward the target cells in 
spite of normal or enhanced receptor-binding characteris- 
tics. In fact, the deglycosvlated hormones serve as compet- 
itive inhibitors of the native, glycosylated form 20 - 21 . 

An example of the control of m vivo biological activity 
through modulation of glycosylation comes from studies 
of IeE potentiating factor (IgE-pF) and IgE suppressive 
factor ilgE-sF), proteins capable of either stimulating or 
inhibiting the synthesis of IgE bv lymphoevtes. Recent 
evidence suggests that these glycoproteins may have the 
same protein core structure, and that their biological 
activity is determined bv their respective oligosaccharide 
moieties (reviewed in refs. 22 and 23). Treatment of FgE- 
pF wtth neuraminidase results in loss of biological specific 
activity, suggesting that terminal sialic acid residues are 
necessary for IgE-pF potentiating activity- 1 . 
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1 Pathwav oi oligosaccharide processing. The enzymes 
arc: (I) oligosaccharvitransferase. a-glucosidase I. (3) a- 
glucosidase II. (4) ER a- 1 .2-mannosidase, (5) Golgi a-manno- 
stdasc 1, (6) N-acetvleiucosaminvliransferase I. (7) Golei a- 
mannosidase II. iS) N-acetvlelucosaminvitransferase II. (9) 
fucosyltransferase. (10) gaiactosvltransferase. (11) siaivltrans- 
ferase. The symbols are: ■. N-aceivlglucosamine (GlcNAc): 
O. mannose (Mam: plucose (Glu); O. tucose iFucj; • . 
galactose (Gal); l-. sialic acid (NANA). Dol-P-P is Dolichvidi- 
phosphorvl. (Derived from neure 3 of Kornfeld and Korn- 
leld, 1985 2 ). 



Oligosaccharide moieties also affect the biological spe- 
cific activity of immunogiooulins. For example, the effec- 
tiveness of Fc receptor binding and complement activa- 
tion by IgG and IgM are dependent on glycosvlation in 
the heavy chain^'. Waliick and coworkers^ have recent- 
ly demonstrated that glvcosvlation in the IgG variable 
region can affect antibody affinity for antigen. Aberrant 
glycosvlation does not prevent secretion of IgG and 
IgM". 

Other exampies w iiere glvcosvlation has been irnplicat- 



ed in modulating bioi^icai specihc activity (apart irom 
effects on clearance ratei inciude: t-I\V M:,: \ prolactin-™-- 17 , 
fibrinogen-'", ervtnropoietin (HPO)' 0 '-'. human trranuio- 
cvte/macrophaee coion\ -stimulating tactor*", epidermal 
growth factor receptor 11 , librobiast growth factor recep- 
tor'*', transferrin receptor 44 and fibronectin M . 

Cultured mammalian cells are beim* used to produce 
proteins for therapeutic and diagnostic use because ol 
their abilitv to penorm complex post-translationai modifi- 
cations, including glycosvlation. In this context, there has 
been growing interest in defining the factors that influ- 
ence oligosaccharide structure. It is now well-established 
that givcosviation is species-specific-'- 17 . Glycosvlation can 
also be tissue- and cell tvpe-specific within a given soe- 
cies :715H \ Differences in glycosvlation have been ob- 
served between proteins synthesized by normal and high- 
ly-transformed mammalian cells (reviewed in refs. 1 and 
47. see also refs. 48-55). These factors assure that a 
particular recombinant protein will have host-dependent 
oligosaccharide structures*- 5 '"- 58 , which may (or mav not} 
affect its i?i vivo clearance rate and biological specific 
activity. 

Two lines of evidence suggest that the extracellular 
environment mav affect glycosvlation. First, significant in 
vivo changes in givcosviation are observed in association 
with a number of physiological states 59 - 00 including preg- 
nancy"'-* 4 . This review will focus on the second line ot 
evidence — in vitro cell culture or tissue culture studies that 
have demonstrated direct effects -of culture environment 
on N-linked glycosvlation. 

ENVIRONMENTAL EFFECTS ON 
GLYCOSYLATION ' 

Glucose starvation. Glucose starvation leads to two 
distinct abnormalities in the synthesis of glycoproteins: (I) 
attachment of aberrant precursor oligosaccharides and (2) 
the absence of oligosaccharide moieties at asparaginyl 
sites, which are normally glycosylated (reviewed in ref. 
65). Under normal conditions, N-Iinked glycosvlation 
commences cotranslationallv with the addition of the 
species GlciMan^GlcNAo to the growing polypeptide 
chain, in conjunction with its entry into the endoplasmic 
reticulum. The attachment of smaller precursor oligosac- 
charides, such as GlcjMansGlcNAci has been observed in 
glucose-starved Chinese hamster ovarv cells 6 *- 67 , mouse 
3T3 cells 68 , rat hepatoma cells 69 and normal rat kidnev 
cells 70 . 

The second tvpe of defect in oligosaccharide processing 
was first observed in the production of immunoglobulin 
light chain bv a glucose-starved mouse myeloma (MOPC- 
46) 7 '. Glucose starvation resulted in the absence of oligo- 
saccharide moieties at light chain asparaginyl sites that are 
normally glycosylated. The effect was concentration-de- 
pendent up to 80 mg/liter of glucose. This phenomenon 
has also been observed in glucose-starved CHO cells 67 . 

An interesting observation from these studies is that the 
inhibition of oligosaccharide processing by glucose-starva- 
tion was relieved bv mannose addition, but not bv substi- 
tution of fructose, pyruvate, glutamine and a number of 
other carbohydrates 66,71 * 72 . 

In contrast to the substantial effects of glucose starva- 
tion noted above. Ronin and coworkers noted relatively 
minor effects of glucose-starvation on oligosaccharide 
processing for thvroid tumor cells 73 . 

Hormonal effects. Many in vitro studies have docu- 
mented the role of hormones in regulating thcoligosac- 
charide structure of glycoproteins. For example, thyrotro- 
pin-reieasing hormone (TRH), a tripeptide secreted bv 
hypothalamic neurons, stimulates pituitary synthesis of 
the glycoprotein thyrotropin; recent evidence suggests 
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motes alteration ot t:nrotronin oiico 
:;s with a resulting increase in tnvrotro- 
v ^.74.?-. Thyrotropin, in turn, sumu- 
;nToici cells ot thvrogiobuiin iT^i, a 
:sor ot thvroid hormones; thvrotropin 
.-^saccharide structure of "Tsr. increasing 
)tu>- and disialvatecfc derivatives of tiie 
ijns r,; . The TRH/thvrotropin/Te exam- 
ustrates the potenuat for chances in 
. piifv a cascade ot events associated with 
ion of cell metabolism, 
uples of hormonal effects on eivcosvia- 
■ted. Regulation ot I cE binding ractor 
ructure has also been observed to be 
external protein factors—". Dexameth- 
monstrated to a fleet glycoprotein oligo- 
.re in rat hepatocytes** and a rat hepato- 
.ronadotropin-releasin^ hormone reeu- 
^vnthesLs and glycosviation in cultured 
wo additional examples of hormonal 
lation include thvrcwri hormone triio- 
regulation of a- iaci albumin givcosvia- 
mmary gland explants**. and prolactin 
sferrin glycosviation in rabbit mamman- 

'portant in vivo roles t»f hormones is 
-rentiated phenotype. For example, reti- 
tnd its metabolic product retinoic acid 
portant in vivo role in epithelial cell 
Exposure of cultured mammalian cells 
oic acid results in a vareetv of cell tvpe- 
r\ including changes in glycoprotein 
rocessing. Bernard and coworkers* 5 ob- 
jure of chondrocytes to retinoic acid 
ion of fibronectin from high mannose- 
vpe. Lotan and coworkers* 1 - 87 observed 
nation of sialic acid, galactose, and N- 

into a specific mouse melanoma sur- 
sponse to retinoid acid treatment. Such 
rently associated with the known func- 
iie induction of differentiated pheno- 
v of other synthetic aurents used routine- 
t the differentiated state have also been 

elvcosvlation, including DM SO 90 , and 
s PMA 9I *« and TPA*\ The effects vary 

cell type and inducing agent, probabiv 
e-specific effects of each of these agents 

.cv alters protein glycosviation m vwo bv 
parentlv distinct from that discussed 
nt studv employing isolated liver micro- 
s suggests that this effect may be due to 

initial protein glycosviation reaction 96 
;. 1). This result suggests the possibility 
tein glycosviation in vitamin A-deficient 
'if the "undergiycosviauon ' mechanism 
tor glucose starvation 1 ** 
nines. Weak bases, a category composed 
>f amines, have disruptive effects on 
rocessing. For example, addition of 10 
:itured plasma cells results in the secre- 
ient in terminal sialvtokm 97 . Tris buffer 
e, dependent upon an amine group for 
ability. At 20 mM, Tris inhibits sialvlation 
patoevtes. and additionally inhibits proc- 

drates from high-mannose to complex 

mental agents. Several reports have indi- 
e fleets of environment on the givcosvla- 
uracellular proteins in contexts that are 




in;:._jnt to oiotechnoloev. For example. AnriersflWmu 
counrKers"* noted differences in le.M sialvlation trom 
different preparations ot ascites riuid. Thev mrther noted 
tha; irM produced in ceil culture exhibited incomplete 
oiieosaccharuie processing in comparison to lgM pro- 
duced in ascites riuid. In contrast. Moellerinir and cowork- 
ers- observed no difference in oligosaccharide structure ■ 
for :mmunoeioubiin svntiiesized in ascites fluid or* in 
serum-free or senmi-suppieinented ceil culture. 

vanetv oi otner environmental components have 
been reported to aiter olieosaccharide processing ot glyco- 
proteins, inciudine hvdroeen ion concentration"""-, 
plateiet-deriveci vrrowih factor 1U5UM . EDTA"* and 
HEPES buifer 1 " 1 Additional analyses are necessary to ■ 
connrm and extend these results. 

Finally, glycoprotein olieosaccharide structure is affect- . 
ed bv a vanetv of agents not normally found in cell culture i 
medium (reviewed in ret. 65). Notable members of this i 
grouo include: i 1 1 tunicamvein, an antibiotic that blocks ! 
N-linked glycosviation bv disrupting the assembly of the I 
precursor oligosaccharide, and (2) monensin. an iono- ; 
phore that disrupts movement of glycoproteins between ; 
intracellular compartments, and therefore disrupts Golgi ■ 
processing of oligosaccharides to complex form. 

MECHANISMS FOR ALTERATION OF 
OLIGOSACCHARIDE PROCESSING 

Inhibition of oligosaccharide precursor assembly and i 

I transfer to peptide. As mentioned previously, one poten- j 

tial consequence of glucose-starvation is attachment of an ; 

abbreviated oligosaccharide precursor to the nascent pep- i 

tide. This eifect could be related to both the energy j 

depleted state of the cell and the shortage of glucAse- j 

'derived oligosaccharide precursors. In fact, the effect can i 

be mimicked bv exposure of ceils to carbonvl cvanide m- . 

chlorophenvihvdrazone (CCCP)' 07 . an uncoupler of oxi- • 

dauve phosphorylation. Since glucose transport into the i 

cell is energy dependent, it is possible that the eifect of ! 
CCCP results in elucose deficiency within the cell. 

A second consequence of glucose starvation is the j 

absence of oligosaccharide at a asparaginyl site that is j 

usually glycosylated. Such an effect can be expected under ! 

conditions leading to a shortage of the oligosaccharide i 

precursor. This effect is clearly evident in experiments \ 

involving the antibiotic tunicamvein. which blocks svnthe- j 

sis of oligosaccharide precursor. The resulting protein is 1 

imported into the endoplasmic reticulum minus anv car- I 

bohvdrate moietv. If the lack of oligosaccharide results in i 

improper folding or aggregation, the polypeptide may be i 
trapped in the endoplasmic reticulum, bound to B1P MW . 

In some cases, though, the protein is secreted absent any i 

carbohvdrate structure. Such is the case with IgG. which is i 

secreted in the presence of tunicamvein without carbohy- * 

drate. with subsequent reduction in biological specific i 
activity 27 . 

Genetic modulation of exoglycosidase and glycosyl- ; 

transferase activities. Glycoproteins are the substrates for ; 
oligosaccharvltransferase (Fig. 1, reaction 1) and for the 
vanetv of exoglvcdsidase and glycosvltransferase enzvmes 
in the endoplasmic reticulum and Golgi (Fig. I). The 
activities of these enzvmes will be regulated bv the vanetv 
of mechanisms associated with the regulation of other 

cellular enzymes (e.g. enzyme concentration, etc.). For i 
example, stimulation of thvroid cells bv thyroglobulin 

leads to increased per cell activity of several glycosvltrans- : 

ferases, including oligosaccharvltransferase' 09 " 0 . Up- ; 

and down-regulation of specific glvcosykransferases has : 

been observed frequently in conjunction with hormonal i 
induction of differentiated phenotvpe a7 - w * yi - w - M1 1 '-. For 
i examoie. Durham and coworkers- J observed increased 




activity or" specific eaiactvk iucosvi-^Trid siaivltransrerases 
ana decreased activity 01 a tucosvitransrerase in mouse 
mveioid (HL60) cells treated with retmoic acid. 

Manv of the hormones affecting giycosviation are asso- 
ciated with well-characterized mechanisms for transcrip- 
tional regulation of eene expression (e.g. dexamethasone 
and retinoic acid" 3 lH ). Presumably, transcrimionai con- 
trol of orlycosvlation enzvme concentrations is resDonsible 
for manv of the effects on oligosaccharide processing 
associated with hormones. Wang and coworkers 115 have 
recently confirmed this hypothesis usine hepatocvtes and 
a hepatoma cell line: exposure to dexamethasone resulted 
in a three- to four-fold increase in sialvltransferase activity 
due to a corresponding increase in sialvltransferase 
mRNA through a transcriptional control mechanism. 

Interference with ER/Golgi environment. Most of the 
en/vmes involved in the biosvnthetic route outlined in 
Figure 1 have been characterized to some extent, and these 
studies suggest regulation of oligosaccharide processing 
through direct effects at the enzvme level. In general 
glvcosvlauon enzymes have pH optima that range between 
neutral and acidic 116 - 122 . Several enzymes have stringent 
divalent cation requirements and are completely inhibited 
bv EDTA treatment 117 : the preferred cations are tvpicaliv 
Mn + 2' 16 - 12 *- 125 and Ca+2 ,,712S . Manv of the oligosaccha- 
ride processing enzvmes exist in multimeric complexes in 
their native state 118125 - 127 . Several of these enzvmes have 
been identified as glycoproteins' 17118 - 120 - 121 . 

Agents that interfere with the environment within ER or 
Goigi compartments, such as amines (weak bases), can be 
expected to affect oligosaccharide processing. The disrup- 
tive mechanism of amines is understood in a general sense 
(reviewed in ref. 128). Amines in their neutral form diffuse 
through the cell membrane or in their charged form mav be 
carried into the cell bv surface transporters. Inside the cell 
thev tend to accumulate in pH-sensitive, acidic intracellular 
compartments to concentrations in excess of their extracel- 
lular concentration. As a result, the pH of these compart- 
ments is raised, resulting in inhibition of pH-sensiuve en- 
zvme activity and disruption of receptor-ligand interac- 
tions 1 " 129 . The interference by ammonium ion and Tris 
with late oligosaccharide processing events is apparently 
related to their accumulation in an acidic intracellular 
compartment in the Golgi 97 - 98 * 150 - 132 . 

Interference with vesicle trafficking. The giycosviation 
pathwav is dependent upon vesicle transport between the 
ER and subsequent Goigi compartments. Some glycopro- 
teins are also subject to sorting mechanisms that regulate 
th eir direction into regulated or constitutive secretion 
pathways (reviewed in refs. 133. 134). Environmental 
aeents can disrupt vesicle transport and sorting with 
subsequent effects on giycosviation. For example, amines 
interfere with the intracellular membrane fusions neces- 
sary for vesicle trafficking within the ceil 129 . These trans- 
port and sorting steps are also very sensitive to intracellu- 
lar ion concentrations, and agents that interfere with 
intracellular ion concentrations disrupt oligosaccharide 
processing. Treatment of cells with the ionophore monen- 
sin disrupts transport from the ER to the Goigi, leading in 
some cases to secretion of glycoproteins which have been 
onlv partially processed 135 . Hormonal regulation of vesi- 
cle trafficking is also possible: Haffar and coworkers 80 
have shown that glucocorticoids regulate the intercellular 
trafficking of MMTV glycoproteins synthesized in rat 
hepatoma cells. 



POSTSCRIPT 

Protein translation occurs on the basis of a mRNA 
template, assuring high fidelity of protein structure. In 



# 



contrast, oligosaccharide processing occurs as a result <■ 
the sequentiai actions of several enzvmes in difTerer 
intracellular compartments. It should not be surpnsm*. 
that the outcome or this set of reactions vanes wit: 
environmentai conditions. In vwo. this variability appai 
entlv serves an important function within the ceii, permit 
ting fine regulation of the clearance rate and biotoeica 
activity for at least some proteins. In vitro, potenm 
environmental affects on oligosaccharide structure canno 
be ignored, given the importance of oligosaccharide strur 
ture in dehnine clearance rate, biological specific activit\ 
and immunoeenicitv. 
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,;;rierem cams, -r.a by ensuring mat an azimuthaily uniform 
coverage of stauons is used in :ne averaging calculation. To 
compensate for otner factors, sucn as focal depth, fault geometrv 
ana corner freauency wouid require such a detailed knowledge 
of the eartnauajce source that trie M. measurement useif wouid 
be redunaant. 

The results of this analysis can oe summarized in rive points. 

! ) A giooai average moment-magnituae reiationsnio M, has 
?een dehnea wnicn can be usea to oreaict M.-. over a wide ranee 
;f magnituaes ana scalar moments. 

2) The variance of surface wave measurements for an event 
of a particular scalar moment is —'.'.2 magnituae units. 
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5) Large regional biases in M, exist. 

-A* Differences in source scaling may explain some of the 
jirferences. Specifically, ooservauons show that the transition 
Vom a siope of unity to a smaller value occurs at large moments 
for continental events than for ndge and fracture zone events, 
iuggestmg systematic differences in stress arop. 

;5) Other systematic factors artecting the calculation of \f, 
iiso appear to contribute to the observed regional bias. 

We thanic Professor J. H. Wooahouse for reading and correct- 
ing the manuscript and Professor H. Kanamon for constructive 
criticism throughout our woric on this subject. This work was 
supportea by the NSF. 
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Reshaping human antibodies for therapy 

Lutz Riechmann r , Michael Clark\ Herman WaldmaniT & Greg Winter* 

MRC Laboratory of Molecular Biology, Hills Road. Cambridge CB2 2QH, UK 

* Department of Pathology, University of Cambridge, Tennts Court Road. Cambridge CB2 1QP, UK 

A human IgGl antibody has been reshaped for serotherapy in humans by introducing the six hypervahabte regions from 
the heavv- and light-chain variable domains of a rat antibody directed against human lymphocytes. The reshaped human 
antibody is as effective as the rat antibody in complement and is more effective in cell-mediated lysis of human lymphocytes. 



In 1S90 it was shown that resistance to diphtheria toxin could 
be transferred from one animal to another by the transfer of 
serum. It was concluded that the immune serum contained an 
anti-toxin, later called an antibody 1 . For many years animal 
antisera were used in the treatment of microbial infections and 
for the neutralization of toxins in man : . More recently rodent 
monoclonal antibodies (mAbs> J have been used as magic bul- 
lets 4 to kill and to image tumours** 6 . The foreign immuno- 
globulin, however, can elicit an anti-globulin response which 
may interefere with therapy or cause allergic or immune com- 
stex hypersensitivity^ Thus ideally human antibodies would be 
used. Human immunoglobulins are widely used as both prophy- 
lactic and microbicidal agents*, but it would be tar better to 
have available human mAbs of the desired specificity. It has 
proven difficult, however, to make such mAbs by the conven- 
tional route of immortalization of human antibody-producing 
ceils'. 

There is an alternative approach. Antibody genes have been 
transfected into lymphoid cells, and the encoded antibodies 
expressed and secreted; by shuffling genomic exons. simple 
chtmaertc antibodies with mouse variable regions and human 
constant reeions have been made" 1 " 1 : Such chimaertc antibodies 
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have at least two advantages over mouse antibodies. First, the 
effector functions can be selected or tailored as desired. For 
example, of the human IgG isotypes, IgGl and IgG3 appear to 
be the most effective for complement and cell-mediated lysis 1 J * 15 , 
and therefore for killing tumour cells. Second, the use of human 
rather than mouse isotypes should minimize the anti-globulin 
responses during therapy 16,1 7 by avoiding anti-isotypic anti- 
bodies. The extent to which anu-idiotypic responses to rodent 
antibodies in therapy are dictated by foreign components of the 
variable versus the constant region is not known, but the use of 
human isotypes should reduce the anti-idiotypic response. For 
example, when mice were made tolerant to rat immunoglobulin 
constant-region determinants, administration of rat anti- 
lymphocyte antibodies did evoke anti-idiotypic responses, but 
these were delayed and weaker than in animals that had not 
been made tolerant 13 . Nevertheless, it is likely that a chimaeric 
antibody wouid provoke a greater immune response than a 
human mAb. 

We have attempted to build rodent antigen binding sites 
directly into human antibodies by transplanting only the antigen 
binding site, rather than the enure variable domain, from a 
rodent antibody. The antigen binding site is essentially encoded 
by the hypervariable loops at one end of the £i-sheet framework. 
The hypervariable regions of the heavy chain of mouse anti- 
bodies against a hapten 1 * or a protein antigen" were previously 
transplanted into a human hea\\ cnain, and. in association with 
the mouse light chain, the antigen binding site was retained. 
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Gli^onuelMtidts: t: 5*-CCC CAG TGC ATA GAC-3'. Ill: 5'-CAG TTT CAT CTA 
GAA CTC GAT A-3\ (V: 3*-0CA GTT GGG TCT AG A ACT GGA CAC C-3\ 
V- 3*-TCAGCTGAGTC0 ACT GTO AC-3", VI: 3'-TCACCT GAG TCC ACT CTC 
AC-3\ VII: 3--MJT TTC ACC TCC GAG TCC AC A CCT-3", VIM: 3*-TCA CCT CAC 
GAG ACT GTC AC-3*; DC3-CGC TCC CCA ATC CAC TT-3\ X : 3*-CTC TCT CAC 
CCA GTT CAT GTA GAA ATC CCT GAA OCT GCT-3\ XI: 3 -CAT TGT CAC TCT 
CCC CTT CAC AG A TGC ATT GTA CTC TCT TGT CTA ACC TTT ACC TTT GTC 
TCT A AT AAA TCC AAT CCA CTC-3\ XII: 3*-GCC TTC ACC CCA CTA ATC AAA 
AGO ACC AGC AGT GTC CCC CTC TCT TCC AC A ATA-3*, XIII: 3*- AG A AAT 
CGG/C TGA AGC TO A AGC CAC AC A C-3' 
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01iqom*el»o(Hj»f; IhS'-TGC AGC ATC AGC C-3'. XIV- 5 -CTG CTG CTA CCA 
GTT T A A GTA TTT GTC AAT ATT CTG ACT TGC TTT AC A GOT GAT GGT-3\ 
XV - 3'-GCT TGC CAC ACC CGT TTG CAA ATT CTT TGT ATT GTA GAT CAG ' 
C AG-3\ XVI: 3 -CCC TTG GCC GAA CGT GCC CGG CCT ACT TAT ATG CTG CAA 
OCA GTA GTA GGT-3'. 



Fig. 1 Heavy-chain ia) and light-chain (6) sequences of the variable domains of reshaped (upper linei or rai YTH 34.5 HL (lower tin 
aniibodies. The reshaped heavy-chain variable domain HuVHCAMP was based on the HuVHNP gene ;: i9 . with the framework regions 
human NEW (see note) alternating with the hypervariable regions of rat YTH 34.5 HL. The reshaped light-chain vanable domain HuVLCAN 
is a similar construct, except with the framework regions of the human myeloma protein REI. with the C-terminal and the 3' non-codii 
sequence taken from a human J.- region sequence". The sequences of oligonucleotide primers are eiven and their locations on the genes a 
marked. " - 

Methods. Messenger mRNA was purified J7 from the hybridoma clone YTH 34.5HL (y2a, **V First strand cDNA was synthesized by primn 
with oligonucleotides complementary to the 5' end of the CHI (oligonucleotide U and the Ck exons (oligonucleotide II), and then clon« 
and sequenced as described previously^ 1 ". Two restriction sites (Xba\ and Sail) were introduced at each end of the rat heavy. chain variab 
region RaVHCAMP cDNA clone in M!3 using mutagenic oligonucleotides III and V respectively, ana the Xbal-Sail fragment was excise 
The corresoonding sues were introduced into the M13-HuVHNP gene using oligonucleotides IV and V!, and the region between the sit 
was then exchanged. The sequence at the junctions was corrected with oligonucleotides VII and VIII. and an internal flam HI site removi 
using the oligonucleotide IX. to create the M 13- RaVHCAMP gene. The encoded sequence of ihe mature domain is thus identical to that 
YTH 34.5HL. The resnaped heavy-chain vanable domain (HuVHCAMP) was constructed in an MI3 vector by priming with three loi 
oligonucleotides simultaneously on the single strand containing the M13-HuVHNP gene' : Each oligonucleotide iX, XI and XII) w 
designed to replace eacn of the hypervariable regions with the corresponding region from the heaw chain of the YTH 34.5HL antiboc 
Colony blots were prooed initially with the oligonucleotide X and hybndization positives were sequenced: the overall yield of the triple muta 
was 5%. Tne <Ser27-Phe> ana (Ser27-Phe. Ser30-Thr) mutants of MI3mp8-HuVHCAMP were made with the mixed oligonucleoti- 
XIII. The resnaped light-chain variable domain (HuVLCAMP) was constructed in M13 from a geneuith framework regions based on hum. 
REI (J. Foote. unpublished data*. As above, three long oligonucleotides (XIV, XV and XVU *ere usea to introduce the hvpervartable regio 
of the YTH 24.5HL light chain. 

' ;Vore: There are discrepancies involving the hrst framework region and the first hypervariable looo of the NEW heavy chain between i 
published seauence" used here and the sequence aeposited in the Brookhaven data base tin oarcntnesesi: Sct27 i-Thn, Thr23 (-»Sen at 
Ser30 ( - -\5pt. Neither version is definitive t R. J. Poljak. personal communication! and the ai>crtfpjncies do not ailect our inierpretanoi 
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Fig. 2 Strategy for reshaping a human anuooay for :nerapy. 
Sequences of rat origin are manced in otacic. ana those of human 
ongin in white. The recomoinam neavy ana light cnains are also 
marked using a systematic nomenclature. See text tor descnotion 
of stages I, 2 ana 3. The genes encoding the vanaoie domains were 
excised from tr.e M13 vectors as Hindi II- Bam HI fragments, and 
recioned into ?5V2gpr' i heavy cnains i or p$V2neo :: Might 
chains*, expression vectors containing the immunoglobulin en- 
hancer* 1 . The r.uman *yl fref. 40). v2 { ret'. 41 ), %} 'ref. O. y4 
i ref. 41 } ana « ret". 36) and the rat v2b i ret. 43 1 constant domains 
were introoucec as flam HI fragments. The following piasmids 
*ere constructed and transfected into lympnoid ceil lines by 
eiectroporation" 1 In stage i, the pSVgpt piasmids HuVHCAMP- 
RaIgG2B, H-jVHCAMP(Ser- Phe»-RalgG2B. HuVHCAMP- 
(Ser27-Phe. Ser30- Thr)-RaIgG2B were introduced into the 
heavy chain loss variant of YTH 34.5HL. in stage 2. the pSVgpt 
piasmids RaVHCAMP- RaIgG2B, RaVHCAMP-HuIeGl. 
RaVHCAMP- HuIgG2, RaVHCAMP- HuIgG3. RaVHCAMP- 
HuIgG4 were transfected as above. In stage i. the DSV-gpt piasmtd 
Hu(Ser27-Phe. SerJO-Thr>VHCAMP-HulgGl was co-trans- 
fected with the pSV-neo plasmid HuVLCAMP-HulgK into the rat 
myeloma ceil line Y0 (Y B2/3.0 Ag 20 (ref. 31). fn eacn of (he 
three stages, cones resistant to mycophenoiic acid were selected 
and screened for antibody production by ELISA assays. Clones 
secreting antiboay were subcloned by limiting dilution i for Y0) or 
the soft agar metnod ( for the loss variant ) and assayed again oefore 

1 litre growth in roller bottles. 



Since, to a first approximation, the sequences of hypervariable 
regions do not contain characteristic rodent or human motifs, 
such 'reshapea' antibodies should be indistinguishable in 
sequence from numan antibodies. 

There are mAbs to many ceil-type-specific differentiation anti- 
gens, but only a few have therapeutic potential. Of particular 
interest is a group of rat mAbs directed against an antigen, the 
'CAMPATH-1* antigen, which is strongiy expressed on virtually 
ail human lymphocytes and monocytes, but is absent from other 
blood cells including the haemopoietic stem cells 20 . The 
CAM PATH- 1 series contains ratmAb of IgM, lgG2aand IgG2c 
isotypes* 1 , and more recently IgGl and lgG2b isotypes which 
were isolated as ciass-switch variants from the IgG2a-secreting 
cell line YTH 34.5HL". All of these antibodies, except the rat 
IgG2c isotype, are able to lyse human lymphocytes efficiently 
with human complement. Also the lgG2b antibody YTH 
34.5HL-G2b. but not the other isotypes, is effective in antibody- 
dependent ceil-mediaied cytotoxicity iADCC) with human 
erfector cells". These rat mAbs have important applications in 
problems of immunosuppression: for example control of graft- 
versus-host disease in bone-marrow transplantauon :r \ the 
management of organ rejection 13 : the prevention of marrow 
rejection; and the treatment of various Ivmphoid malienancies 
i ref. 24 and M J. Dyer. Hale, G.. Hayhoe. F. G." J. and 
Waldmann, H.. -^published observations ». The IgGZb antibody 
YTH 34.5HL*G2b seems to be the most effective at depleting 
lymphocytes m vtvo but the use of all of these antibodies is 
limited by the anti-globulin response which can occur within 
two weexs of the mutation of treatment^. Here we describe the 
reshaping of human heavy and light chains towards binding the 



Table I Reshaping the ncaw-cnain vanabie domain 
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Antibodies with the heavy-chain vanabie domains listed above, rat 
lgG2b constant domains and rat light chains were collected from super- 
natants of ceils at stationary phase and concentrated by precipitation 
Aith ammonium sulphate, followed by ion exchange chromatography 
on a Pharmacia MonoQ column. The yields of antibody were measured 
by an enzyme-linked immunosorbent assay < ELISA) directed against 
the rat lgG2b isotype, and each was adjusted to the same concentration". 
To measunng binding to antigen, partially punned CAM PATH- 1 anti- 
gen was coated onto micromre weils and bound antibody was detected 
via a biotin-labelled anti-rat IgG2b mAb". developed with a strep- 
tavidin-peroxidase conjugate t Amershami. Complement lysis of human 
lymphocytes was with human serum as the complement source :i . For 
both binding and complement assays, antibody litres were determined 
by fitting the data to a sigmoid curve by at least squares iterative 
procedure' 1 . 

" Complement lysis with the HuVHCAMP variable domain was too 
weak for the estimation of Ivtic litre. 

CAMPATH-1 antigen and the selection of human effector func- 
tions to match the lytic potential of the rat igG2b isotype. 

Strategy 

The amino-acid sequences of the heavy- and light-chain variable 
domains of the rat IgG2a CAM PATH -I antibody YTH 34.5 HL 
were determined from the cioned complementary DNA ( Fig. 1 ), 
and the hypervariable regions were identified according to 
Kabat* 5 . In the heavy-chain variable domain there is an unusual 
feature in the framework region. In most known heavy-chain 
sequences Pro4l and Leu45 are highly conserved: Pro41 helps 
turn a loop distant from the antigen binding site and Leu45 is 
in the 0 bulge which forms part of the conserved packing 
between heavy- and light-chain vanabie domains 26 . In YTH 
34.5HL these residues are replaced by Ala41 and Pro45 ana 
presumably this could have some effect on the packing of the 
heavy- and light-chain variable domains. Working at the levei 
of the gene and using three large mutagenic oligonucleotides 
for each variable domain, the rat hypervariable regions were 
mounted in a single step on the human heavy- or light-chain 
framework regions taken from the crystallographically solved 
proteins NEW 27 and REI 28 respectively (Fig. 1). The RE! light 
chain was used because there is a deletion at the beginning of 
the third framework region in NEW. The reshaped human 
heavy- and light-chain vanabie domains were then assembled 
with constant domains in three stage (Fig. 2). This permits a 
step-wise check on the reshaping of the heavy-chain variable 
domain (stage 1), the selection of the human isotype (stage 2), 
and the reshaping of the light-chain vanabie domain and the 
assembly of human antibody i stage 3). The plasmid construc- 
tions were genomic, with the sequences encoding variable 
domains cioned as HindM I- Bam H I fragments and those encod- 
ing the constant domains as BamHl- BamH\ fragments in either 
pSVgpt (heavy chainr* or pSVneo (light chainr' 0 vectors. The 
heavy-chain enhancer sequence was included on the 5' side of 
the variable domain, and expression of both light and heavy 
chains was driven from the hea\ > -chain promoter and the heav y- 
chain signal sequence. 

Heaw-chain variable domain 

In stage I. the reshaped heavy-chain variable domain 
(HuVHCAMP) was attached to constant domains of the rat 
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Fig. 3 Loop Phe27 to Tyr35 in the heavy-chain var 
domain 01' the human myeioma protein KOL, whicr 
been solved crystallo graphically* 5 . The backbone o 
hypervanaole region accoraing to Kabat" is highlig 
ina a 200% van der Waal surface is thrown around P ; 
:o snow trie interactions wuh Tyr 32 and Met 34 o 
Kabat hypervanable region, [n the rat YTH 34.5HL r 
;nain. these three side chains are conserved in char; 
:ut in HuVHCAMP, Phe27 is replaced bv Ser. 



isotype IgGIb and transfecied into a heavy-chain loss variant 
at the YTH 34.5 hybndoma. This variant carries two light chains, 
one derivea from the Y3 fusion partner" 1 . The cloned rat heavy- 
chain variable domain i RaVHCAMP) was aiso expressed as 
above, and the antibodies were purified and quantified (Table 
The HuVHCAMP and RaVHCAMP antibodies, each of the 
rat igG2b isotype, were compared to the CAM PATH- i antigen 
:n a direa oinding assay and in complement lysis of human 
lymphocytes i Table 1 >. Compared with the original rat antibody, 
or the engineered equivalent, the antibody wuh the reshaped 
heavy-chain domain bound poorly to the C AM PATH- 1 antigen 
and was weakly lytic. This suggested an error in the design of 
the reshaped domain. 

There are several assumptions underlying the transfer of 
hypervariabie loops from one antibody to another 47 , in particular 
the assumption that the antigen binds mainly to the hypervan- 
able regions. These are defined as regions of sequence 25 or 
structural' 2 hypervariabtiity, the locations of hypervariabie 
regions being similar by both criteria except for the first hyper- 
variabie loop of the heavy chain. By sequence the first hyper- 
variabie loop extends from residues 31-35 t ref. 25) whereas by 
structure it extends from residues 26-32 (ref. 32). Residues 29 
and 30 form part of the surface loop, and residue 27, which is 
phenylalanine or tyrosine in most sequences, including YTH 
35.5HL, helps pack against residues 32 and 34 (Fig. 3). Unlike 
•siost human heavy chains, in NEW (see note in Fig. 1) the 
phenylalanine is replaced by serine, which would be unable to 
pack in the same way. To restore the packing of the loop, we 
made both a Ser 27-Phe mutation, and a Ser 27-Phe, Ser 
30-* Thr double mutation in HuVHCAMP. These two mutants 
showed a significant increase in binding to CAMPATH-1 antigen 
and lysed human lymphocytes with human complement (Table 
1 ). Thus the affinity of the reshaped antibody could be restored 
by a single Ser 27 Phe mutation, possibly as a consequence of 
an altered packing between the hypervariabie regions and the 
framework. This suggests that alterations in the Kabat' 
framework region can enhance the affinity of the antibody and 
extends previous work in which an engineered change in the 
hypervanable region yielded an antibody with increased 
ufinity :j 

Heavy-chain constant domains 

In stage 2 (Fig. 2). the rat heavy-chain variable domain was 
attached to constant domains of the human isotypes IgGl, 2, 3 
iaQ 4, and transfected into the heavy-chain loss variant of the 
YTH 34.5 hybridoma. In complement lysis I Fig. 4a ), the human 
IgGl isotype proved similar to the YTH 34.5HL-G2b, with the 
human IgG3 isotype being less effective. The human IgG2 
isotype was only weakly lytic and the lgG4 isotype was non-lytic. 
r .n ADCC : Fie. 46) the human IgGl was more lytic than the 
YTH 34.5HL-G2b antibody. The decrease in lysis at higher 
concentrations of the rat igG2b ana the human IgGl antibody 
:s due to an excess of antibody, which causes the lysis of erlector 
ceils. The human igG3 antibody was weakly lytic, and the lgG2 
ana IgG4 isotypes were non-lytic. 



We therefore selected the human IgGl isotype t 
reshaped antibody. Other recent work also favours the 
IgGl isotype for therapeutic application. When the i 
functions of human isotypes were compared using a 
chimaeric antibodies with an anti-hapten variable dom; 
IgGl isotype appeared supenorto the lgG3 in both come 
and cell-mediated lysis 15 . Also, of two mouse chimaer 
bodies wuh human IgGl or lgG3 isotypes directed aeai 
surface antigens as tumour ceil markers, only the IgGl 
mediated compiement lysis J14 . 

) 
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Fig. 4 a. Complement lysis and b, ADCC for antibodies wi 
light-chain and rat heavy*chain variable domain attached to ht 
IgGl (C). IgC2 (C), lgG3 (■). or IgG4 (7) isotypes. Lysis 
the YTH 34.5HL antibody (•> is aiso shown. 
Methods. Antibody was collected from cells in stationary p 
concentrated by precipitation with ammonium sulphate and c 
ted into phosphate buffered saline ( PBS). Antibodies bound t 
CAMPATH-1 antigen-coated on microtiire plates, were as: 
in ELISA directed against the rat * light chain Ji , and each ad; 
to the same concentration. The antibodies were assayed in coi 
mem lysis (Table I > and ADCC with activated human perip 
blood mononuclear cells* 1 ****. Briefly, 5 * to 4 human penp 
blood ceils were labelled with il Cr and incubated for 30 rr 
room temperature with different concentrations of antibody. E 
antibody was removed and a 20-fold excess of activated cells a 
as effectors. After 4h at 37 °C cell death was estimated by 

release. 
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Fig. 5 a. Complement lysis and 6. AOCC of the reshaoed human 
(m and rat YTH 34.5HL (•) antibodies. Antibody HuVHCAMP 
iSer27-Phe. Thr30-> Seri-HuIGGl. HuVLCAMP-HuiGK was 
purified from supernatants of ceils in stationary phase by affinity 
chromoiography on protein-A Sepharose. The yieid -about 
10 mg I" 1 : was measured spectrophotometrically. Complement and 
ADCC assays were performed as in Fig. 4. 

Light chain 

In stage 3 (Fig. 2), the reshaped heavv chain was completed bv 
attaching the reshaped HuVHCAMP (Ser27 - Phe, SeriO- Thr) 
domain to the human IgGl isotype. The reshaped light-chain 
domain HuVLCAMP was attached to the human C* domain. 
The two clones were co-transtected into the -non-secreting rat 
YOmyeloma line. The resultant antibody, bound to CAMPATH- 
1 antigen (data not shown), and proved almost identical to the 
YTH 34.5HL*G2b antibody in complement lysis i Fig. 5a). In 
cetl-mediatea lysis the reshaped human antibody was more 
elective than the rat antibody (Fig. 5b). Similar results were 
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obtained with three different donors of target and effector ceifc 
data not shown*. Also, the antibody was as effective as \~Th 

34.5HL-G2b in killing leukaemic ceils from three patients wur 

3-ceii lymphocytic leukaemia by compiement-mediated Ivsi: 
vith human serum. Thus, by transplanting the hypervanaoU 

regions from a rodent to a human antibodv of the leG 1 suotvpc 
ve nave reshaped the antibody for therapeutic application. 

Prospects 

The availability ot a reshapea human antibody with specincir 
for the CAM PATH- 1 antigen should permit a full analysis o 
tne tn vivo potency and immunogemcity of an anti*lymphocyt( 
antibody with wide therapeutic potential. Even if anti-idiotypt- 
responses are eventually observed, considerable therapeutic 
benent could be derived from an extended course of treatment 
Also, it should be possible to circumvent an anti-globulii 
response restricted to idiotype by using a series of antiriodie 
with different idiotypes' 4 . In principle, the idiotype of th 
reshaped CAM PATH- 1 could be changed by altering the hvper 
variable regions or the framework regions— evidence from 
reshaped antibody specific for the hapten nitrophenyl acetat 
suggests that recognition by anti-idiotypic antisera and anti 
idiotypic mAbs is influenced by residues in the framewor: 
region 19 . Thus, recycling the hypervanabie regions on differen 
human framework regions should change the idiotype, althoug 
ultimately it might focus the response directly onto the bindin 
site for the CAM PATH- 1 antigen. Although such focusing woui> 
be undesirable for CAMPATH-1 antibodies, it could be a 
advantage for the development of anti-idiotypic vaccines. It i 
likely that the answers to some of these questions will emerg 
from the use of this reshaped antibody in therapy. 
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clones of the heavy-chain constant regions 15 and for advice; V 
Frewin for technical assistance and C. Milstein for encourage 
ment. L.R. is supported by a fellowship from the Germa 
Sonderprogramm Gentechnoiogie des DAAD\ The work wa 
supported by the Medical Research Council and by Wellcorr 
Biotechnology Ltd. *C AM PATH 1 is a trademark of The Wei 
come Foundation Ltd. 
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«:zoc;i:rcne — zcr.::: :.-rr^zzr-: *-~e ~— — : - : 

r-eaxs N : it. a P2* -rrear :c :^ r.:2T--* --ensiave -.r.cicaicns ct 
-cracaj ivsrunczcn ■-. ~E. : - :e=ui:s ir.aicste '-.at 

Vrxrj: ruv imrrcve me HE sr.: :crr.r::catcs cotr. acute 

issoc.atec witn imrrcvc:r.er.: r. r.r-ciotr.cu s^ais :r. cO J/ i 
cf eptsoces or" HE; .<-~tn :r.e cepr.cn -.rr.proverr.eni 
recurred 'vimin - ir-v ~~u:e* ^" hour :: ir-z 
iuminiscracon. The speed c: ".tee responses contrasts witn 
*j-.e interval 01 scvem ncurs r.a: :s -ticuiiy necessar.* ceiore 
HE improves after ccnver.ticnai zr.erapies. i r.t response to 
■.lumazcru: m c^nzo^azeme -r.'.cxicacon :s juso very 
rapia. :1 

Tr.e 60 :/ > LTiproverr.tr.: -:: ever. undertstL-TUte tr.e 
roter.no: err.cacv or :V-Tucer-:: s. s.z treatment or h-a. ix.ee 
-est or' zr.e paner.es n -jus sruav .-ua oeen encecnaiocatruc 
;cr manv cavs ceiore ilumazeru; rarmcr.c ma r.aa not 
responcea :o conventional --.erapy. ruru^ermcre au : 
paaents v-.tn ci-Ticai evidence of r.creasea r-tracraniai 
pressure cue to orain oeaema ciz net respona to iiurnazenu. 
\ of these paaents improved after reaonerit win rnannitoi. 
The remaining 4 died -a-uvji i jays of rVurnazerui 
administration. 

Lt 3 ot the 12 episodes reccnem: to fiurnazerui there was 
in exacexoaaon ot HE 0-5-4 n aher stopping treaanent, 
This transient errect of the crag is consistent with its 
rhannacojanetxes.^* 1 To 3cme\*e a sustained response 
connnuous admimstranon or the arug over iongcr per.oas 
Tay be necessary, .-\ithougn tnese i2 episoaes improved, no 
paaent regained norma* cmn runcoon at tne end ot 
TeanneaL The possibiiiry uat iaxger doses or a longer 
juxaoon of u e umi ent wouid have achieved complete 
improvement seems umikeiy since, in benzodiazepine 
intoaacaQon* much lower doses are surncicnt tor recovery.* 
I a ^riinm an mcreasea G AB A-ergic tone may be oniy one 
of many abnonnaiines of brain function in paaents witn 
- .;ver taiiure and correcnon of -his parncuiar abnormality 
rrav tnerefore mauce mcomoiete improvement. 

Tne mecnanism by wrucn r:umazenii improves HE :s 
uncertain. One possibility is displacement of an endogenous 
ocnzocuazepme-iike iuostance from rhc GABA^- 
oenzocuazeptne receptor. The presence of such a substance 

jvas suggested in the brains of animais with HE and in 
cerebrospinal tluid of panena a>nng with HE.™ 
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REMISSION INDUCTION CS* NON-HOD GKTN 
LYMPHOMA WTTH RESRAPED HU.NLAN 
• lO NO CLONAL .ANTIBODY C^-NU^ATH-IH 



H. TaLOMVs^' 



-iCQrtments of Pz:noiO?y zr^i ria^matcicsyr 'nvfrnrv or 



Nummary .-. z-r.er.caiiy reenacec r.-jman i^vji 
monocionai or.noodv J.^VLPATH- i H*. 
•vas _sca to -eat r.vo raccr.ts -.v-.^i r.cn-HcdgKin 
.■■mpnoma, Ooses o: \-ZQ rr. z caiiv -.vere riven 
r.savenousiv for up to 4 3 davs. in botn canents :>-mpnoma 
:eiis were ciearea from tne biooa ana cone marrow ana 
ipienomegaiy resoivea. One paaent naa i>-mpnadenopatny 
vrucn aiso resoived. These erfecrs were achieved without 
\-r.yeiosuopression. ana normal haemopoeisis was restorea 
iurmg tne course of reatment. pamaiiy in one paaent and 
;cmpie:e:y tne otner. No annsiobuiin response was 
.-.eteaea m either panent. CAMPATK-IH is a potent 
/."mpnoivoc anabody wmch might have an important use 
*jie treatment of l>*mpnoproiueraave disorders ana 
:aaiaonaiiv as an immunosuppressive agent. 
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F:« 1— Effect ot CAMPATH-lG (A) ana CVMPATH-lH t B) on oiood counu in oaacnt 1. 
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Tv.v.clr treatment oy passive serorneracv .-as nad a long 
ino largely unsuccessful history / The aaver.: or monocionai 
mnoocies gave fresh imperus to mis ap cream, out results 
•vitn 'jr^noainea anabodies are genexaiiv unrernarKabie. 
Efforts to ennance acuvicy in vivo are now largely tocused on 
me conmganon or antibodies to toxins cr radionuclides. 
However, we are convmcea mat physioiogicai elector 
mecnamsms are suii among me most potent and have tr.ee 
to rma me optimum combinaaons or* anncoay speahatv 
and isoc>-pe to exploit them fully. 

One possible specmciry is the CAMP ATH- 1 anogen.* I; 
coes r.ct readiiy undergo moauiaaon ana :s aounaanuy 
expressed on vircuaiiy aii lympnoid cells anc monocytes, out 
not on otner ce:i rypes. :j These properties majce it a 
potencai target :cr treatment or iymcnoid malignant 
iisoraers and tor immunosuppression. Several rat IgM ana 
IgG anaoodies to mis anagen have been proauced.*- 1 The 
IzM C\MPATH-1M) is intensely iync with human 
complement and is widely used for depletion or T ceils from 
bone marrow to prevent grart-versus-nost disease. 0 - 7 The 
' zG2b C\MPATH-1G) is the most potent tor ecu 
-epieccn in vivo.' prooably because it cmos to numan rr 
receptors and can activate me complement svstem/ Panents 
••vi m . ;.-mpnoia malignant disoraers r eated witn 
C\MPATH-1G : 2 5-50 mg/day tor 10 days) showed 
pronounced reduction m lymphoid innitraaon of blood and 
bone rnarrow ana improvement ot splenomegaly.' 
However, treatment with rat andbody is iikeiy to oe limited 
by an anagiobuiin response. This prooiem snouid be 
reduced or riiminatrti by use of a human andbody. A 
reshaped human andbody (GAMPATK-lrD has been 
constructed — the hypervariable regions ot me rat andbody 
'-vere ranspianted into normal human immunogiobuiin 
genes.* Human IgGl was chosen since it had greater acuviry 
man otner human isotypes both in complement iysis and in 
ceii-meoiated killing. 1-11 

Here we describe the use of CAMP ATH- i H to treat two 
panents with non-Hod ginn lymphoma, Although it was 
possible to continue cic a t m ent for up to o weeks without me 
development of a neutralising antiglobulin response, me 
main point of this report is to describe me emcacy of the 
nabody in clearing large masses of tumour ceils. This is the 
rlrst reoort of treatment witn a ruiiy resnaped human 
monocionai annbocy. 



7ATISNTS ANTJ METHODS 

-rcrovai r'or me use c: rr.onocionai anuoooies 'ais even bv the 
/jucai committee ot Accsr.orooice s Hospital ar.3 •.v-ncrn consent 
vas ootainea trcm ootn racenu. 

Anuooaies were ootainea ircm culture supernatant or ceils 
growing in a hoiiow nbre oio reactor rAcusyst-.i: . Er.aotrorucsj. 
C\.\ IP ATH - 1 G was ouruied oy preapitauon Aitn ammonium 
iuicnate; CA.\^PATK-:H ^as pur-hec zy arfinity 
rrrcmatognpnv cn prote:n-A-'$epharose . Tr.ev '-vere ojssoivca in 
pr.oscrtfie-ounerta saunc. ster.:e f:lterea, ana ;c:ea tor pyrogen 
it. a steniiry. Parents were crcr.varatea ovemignt anabody, 
cuiutea in 500 rru saiine. wis inrusea over 2—4 h. 

CAMP ATH - 1 expression on rumour ceils was measured by flow 
;*.tometrv ana cornpiement-meaiaiea . > sis.^ * Serum 
roncenrraaons * i CAMPATH-1H *ere rreasured bv 
LTjnunoiiuorescence witn normal lympnocyres.* Soutnem blot 
inaiysis with an irnmunogioouiin j w prooe was usea to detect 
residual tumour ceils m DNA extracted ircm mononuciear 
fractions of bone marrow. 4 Anagiobuiin responses were sought by 
r.vo techniques. The tint was a soiid-pnase enrvme-unked assay 
j sing microarre piates coatea wich CAMP ATH - 1 H . After 
ncucaaon with panents ' serum samples, the assav was developed 
vi in bioun-iaoeiied C\MPATH- 1 H foilowen ov saeptavidin- 
percoaaase. A rruxture o: monocionai mouse anaoodies agamst 
r.uman izG '**as usea as a posinve conrroi ana :C0 nz:mi of this 
rruxture could oe aetectea. in ir.e secona assav. paoents serum 
■ ampies were mixea witn rea ecus coupiea with CAMP ATH- 1 H." 
Aggiuaranon oy 5 ng. mi ot the controi rruxture oouia be detected. 
:mmunogiooulin aiiorypes were cetemunea by means of standard 
reagenn and techniques trom the Central Laboratory of the 
Netherlands Red Cross oiooa nnfflwinn semes. 

RESULTS 

Patient 1 

A 69-vear-oid woman presented in 1983 with acute 
appendidns. Massive spienomegaiy was founa (table*) and 
me bone marrow was neavity innitrated wim lymphocytes, 
some of which had ciefted nuciei and a single nucleolus. 
There was weax, membrane expression of IgM-kappa. 
Computed tomography scan showed spienomegaiy but no 
'. vmpnadenopatny . Grade I, stage IVA r.on-Hodgkin 
.ymphoma in ieukaenuc phase was diagnosed. Between 
1933 and 19S7 me panent received oral ar.d inrravenous 
chemotherapy with comoinaoons of c/copnosphamide. 
Mncnstme. preonisoione, ana cnioramoucu. which induced 
parnai responses, me minimum levei of marrow innitranon 
bemg 40% . T wo courses ot soienic radiotnerapy were given. 
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: me seccr.a ir. .-. cr.: . ■ . : •; 
r r.v laree r r urm c t : ; _r: - . 

.." Scccemcer iv-'jT ccsicsc err 
-"• ciooa ^Tr.rmccvTes _ ; • 
::~ent was :rea:sc w.m C^VlPAT 

irem oiooa or. a marrow cu: cr.:v rimaiiy reaucea scieen 
CAMPATH- i G ir.aucec :"ever. r-'-sea, ar.a vcmmne, 
--.a the trearmer.t was scoccea cr. cuv i wner. ;: resulted in 
:;vere bronexospasm. . 5-an sever; reactions nave net oeen 
'• -tn in r.v en rv -one otner ccaems wr.o r.ave recsivea similar 
icses.) Reaccearar.ee o: .'•"rr.rr.crra ceiis in ire z:coa was 
-rmaily siow ana me scieer size aiz net crar.ze :c: z montns 
:-: there '.vas lirue recover.* :: r.crmai haemopoiesis. In 
. -larch :>53 ;r.e raner.t recar. :c !ose a eigne and 
-\penencea crencmne rarmt sweats. The spieen eniargea 
-".a lympnoma ce:is rtaccurnuiatea m ire b:ood. They 
'id similar rr.enotype ma . aeriricai mmneca 
mmunogioouiin ; j iragmerts : : '-rose : *er. before 
reaanent. Marrow ascirare ar.a 'j::r.L".; sr.owec complete 
:;piacemer.t of norma; .marrcw cv :vmpnoma ceiis ; f:g 2A); 
\r.e paaent cecame ceper.aem cr rea-ceii transrasions ana 
••as absolutely neutropenic. 

The panenrs serum aid ret clock bmoing :r" 
1AMPATK-IH :r C\.MPATH-lG :o rormai 
;Tnphocytes and the rumour c:::s were saii sensiave to tnese 
ir.abodies m v^oro. so we aeaced ;o reat -er with 
It-VIPATH-LH. "The starenz cose was 1 rrz caiiy and. 
i^ice it was well toieratea. l-.s cose was increasea to a 
maximum of 20 mg/aay. Lrouzn the usuai dose was 4 
mg/day owing to the smaii amount available, in ail the 
ranent received 125 rr.z over 50 davs. The response was 
rrompc; m 0 days the mznt sweats naa abatea. by day 10 
•,-erc was pronounced reduction in splenomegaly and 
recovery of blood neurropruis,' ana by day IS lymphoma 
ceils were cleared from the blood ( fig 1BV On day 28 a bone 
marrow aspirate and treprnne were nypoceilular but showed 
icrxve myeiopoiesis and erytnroDOiesis ana no lymphoid 
ceils (fig 23). No CAMPATH- 1 -posiuve ceils could be 
1 e rected by flow cyromerry. DNA from the mononuclear 
marrow ceils was germane when prooed with an 
mmunoglobuiin J M prooe under cendidons wnere cionai 
rearrangements could be detecxea in 0-2% of ceiis. Thus, we 
re nctu d e that lymphoma ceiis were ciearea from the 
marrow. The spleen volume was reduced about eght-fold 
:lg 3A, B)» although it was soil slightly larger than normal. 

Other than fever occurring about 1 h alter the end of 
antibody mrusiom there were no adverse effects of annbody 
-rjnnmt until the 5th week, when severe rigors occurred 
after each infusion. No antiglobulin response could be 
"'rrroffd and the rate of clearance of annbody from the 
serum was unchanged. For the next 3 weeks the patient 
mrthniird to experience occasional fever and rigors. She was 
given oral oorximaxazoie because of her lymphopenia, but 
r.o ffifechve cause of these symptoms couid be found. 

In the next 4 months lympnoevtes, wnich appe ar ed 
morphologically normal, slowiy reappeared in the blood (up 
:a 0*2 x 10*/1). They did not snow the cnaracxenstic 
rearrangea immunoglobulin fragments, and both GD3- 
posinve and CD19-posiave ceUs were present (table). 
Serum immunoglobulin leveis, which had been very low 
iince presentanon. have risen towards normai ( cable). A 
marrow aspirate and trephine taken 50 days after the end of 
reatment were again hvpoce^uiar cut had no 
.•-monomatous inriitranon. Th;s marrow samoie contained 
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CAMPATH- 1-posiave ceils and showea some 
oiigocionai rearrangements of immunoglobulin genes. 
However, by day 100, lymphoma ceils were again detected 
in the blood and the spleen sue had started to increase. A 
second course of 12 days' therapy with CAMPATH- 1 H 
•vas completed with similar therapeunc benefit to the first 
and no adverse erfects. Since tne main reservoir of disease in 
mis patient appeared to be me spieen, splenectomy was 
carried out at the ena of this secona course of treatment. At 
-jut time no rumour ceils could be detected in biood or 
marrow. The paaent is now weil 37 days after the 
splenectomy. The lymphocyte count is low but she has 
normal neutrophil, platelet, and rea-ceil counts. 

Parieru Z 

A 67-year-old man presented in April 1988 with splenic 
pain; there was 12 cm sple nom egaly, and computed 
:omography scan of thorax and abdomen revealed 
retrocrural and para*aornc iymphaaenopathy, the ta ri^i 
node measuring 3 cm in diameter ( fig 3Q. A blood count 
revealed 36*6 x 10* lyrnphocytes/mi, the matority being 
1 yrnphop Iasmacytoid ceils which expressed surface IgG- 
kappa ana were cnararrmsed by large cytoplasmic periodic- 
aad-Schiif-posiave vacuoles wnich could be intensely 
stained by ann-IgG. A marrow aspirate contained 72% 
Ainphomatous ceils ifig 2C DNA from blood 
mononuclear ceils showed biaileiic renrrangement of 
imrnunogiobulin J M genes but was germiine with various 
T-oeil receptor and oncogene probes. The lymphoma ceils 
expressed the CAMPATH- 1 anngen in amounts 
comparable with normai lymphocytes but were more 
resistant to compiement-meaiatea iysis. Stage IVA graae I 
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Fig 2— Cvtoio^y ot bone marrow ceiis. 
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Fi* 3— Computed tomofnpiry «cmn. anowuw aiTecttd spleen* 

A -woent t betbnr treatment w,in CAMPATH-lH; B -paoeni t on oav 5T: C-pwem : beibre 
irroweon D ■ paaeni i on oav 51. 
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TV.i a^tvp- or C-J-.'^ATH- 1 H is Glm: 1 .:.1T: .Km; 3' . 

.ztrr. . vas G.m: :.2.I7" .Km:3 - . ma paaer.t 2 '.vas 
3 .^t.: 3'. io cotn ccuid tnecrencmiv have maae ar. 
_-.z-ii.cr.T; response ai -.veil as a resconse :o tr.e 
•.vptrvanaoie rstr.ons. However, we faiied :o aetect any 
--.zzicounn :o CAAIPATK- 1 H either by tr.e soiid-phase 
irjr.TT.c-i^ea assay :r by me -ore sensitive, 
r^rr-aggiuariation assav. In addinon. aie rare of clearance or 
1AMPA i H- 1 H did not cnange ana tree annboay coma be 
_::ec:ec :cr up to d days after the last dose had been given, i : 

■ possioie mat the reactions expenenced at tne end of the 
- urse : :' eatment :cuid have been p revoked b y 
::niazrunanr.g r.cn-numan proteins* m ne annbodv 



'.■TT.cr.oc lasmac.TC : j -;n-HedgKin /.Tr.pr.oma ■'■as 
.uagnosea. 

The pauent was crfrrru CANu°ATH-lH as pruT.arv 
-herapy ana recsivea a :zia of S5 mg over -43 iays. This 
: suited u: clearance c: 'he iympnorna cs:;s ana r.crmai 
iympnocytes from siooa ,:;g 4; and marrow f.z 2D\ 
resolution of splenomegaly, and improvement :n the 
/.Tnphadenopathy. A -cmoutca tomograpny scan taken 3 
iays after tne ena of annboay treatment was normal . f.g 
3D\ A bone marrow aspirate tajcen at the same cme snowea 
aenve haemopoiesis but no iympnorna ceiis, ana no 
CAMPATH-l-posinve ceiis could be detected by flow 
cyrometry. DNA from tne mononuclear fraction of this 
marrow showed oniy germiine conrigurauon when probed 
with the immunoglobulin J M probe. 3y day "3 
morphologically normal biood lv-mphocyres began :o 
reappear and none of the vacuolated ceiis couid be seen. The 
pauent remains weti ana on therapy. 

Some toxic erlects of CAMPATH-1H were observed. 
The nrst aose was stoppea after 3 mg haa been given 
because of hypotension, possibiy caused by rumour iysis. 
This problem was subsequently avoided by giving smaiier 
doses at a slower rate and when iympnorna ceils had been 
cleared from the biood. the dose was increased to a 
maximum of 8 mg over 4 h without any extect on biood 
pressure. N'evertneiess. ail doses induced fever tup to 
38-5*Cm and maiaise for up to 36 h, but these were not severe 
enough to stop anaboay treatment which, axter the first 
week, was given on an outpatient basis. Treatment was 
stopped alter 43 days oecause of the development of an 
urticarial rash after two successive antibody infusions. 

Half-lift of CAMP A TH-lH 

The concentranon of GAMPATH- 1H was measured in 
serum samples taken cefore and after anabody infusions and 
it otner ames uirougnout treatment. In theory, a dose of 4—6 
mg corresponds to about 1 jg;mi in the plasma. In fact we 
couid not detect free anabody till day 4-6. presumably 
because of rapid uptake oy the rumour mass. After that, the 
rate of clearance was rcughiy constant, with the 
:or.cemranon being acout 30-~C% of the tneorencai ievei 



::scjssion 

T h; remissions acnievea in these two panents show tnat 
i rcssioie :c c:ear iarge numcers of rumour ceds wicn smaii 
_—r;un:s :: an unmoained monocionai anabody. Thi 
rrfrcts m i".e first pauent were far superior to the results or 
::r.-:cus ensmotnerapy and raoiotherapy. The seieenve 
ys;s c: /."rnpnoma c^iis \vith recovery of normal 
haemopoiesis during tne course of u~eanncnt was an 
,-r.portant advantage, wruch allowed u e ami ent to be given 
-2t:y on an outpauent 03sis. VX'e believe the choice of 
m aooay speanciuy ana isocype is important: indeed, it may 
- s wnv we had more success man previous efforts with otner 
-onooonai anabodies.^ 4 * The CAMPATH-l anngen 
; eems to ce a good target oecause it is widely distributed and 
ibunaant. and does not suffer tfom anogemc 
— oduiaaon.*- 3,8 ' 17 Tnis study shows that, as predicted, 
human igGl can bring about ceil lysis in vivo, thougn we 
^mnot yet assess tne reiaave importance of humoral or 
:iduiar rnecnanisms. There was no change in serum 
.•cmpiement icveis iCK50. C3, or 04 components) during 
anaboay ueuuiient taaca not snowni, but diis does not 
ixauoe a roie for O in ceil clearance. 

Aithougn die two panents did not make any serologicaiiv 
^etectaoie anagiobuiin response, it would be premature to 
iraw general conclusions about the lxnmunogeniary of 
human monoclonal anaoodies, since CAMPATH- i H itself 
:s procaoiy immunosuppressive and the panents were 
lireaay imrnunosuppressed as a result of their rH****~ 
Sevenneiess, it was encouraging that two courses of 
anabody ge ami ent couid be given, even in the paoent who 
had previously had unusually severe rramnns to the original 
rat annbodv. 

The long-term benent of treatment with CAMPATH- 
: H can ouy be assessea in a much larger trial when it would 
probably be combined with more convennonai 
inemomerapy and raoiotherapy. It may have wider 
ippucaoons as an immunosuppressive agent for 
ransptantaoon and possibiy autoimmune disease, since we 
i-ready know that the rat anabody CAMP ATH- 1 G is a 
potent immunosuppressant in tne snort-term. 

Te rhmc me oaaaia ana famiita. nuninf sauF. meotoi coilesfues. ana 
?rst F. G. i. Havnoe tor cneir co o oc n oon. encDun^ancm ma tuoport: ana 
2: D. G.-Ttorc. Dr H. S. Krj?cr*Orav. Prof R. R. A. Coomot, .Vtmt 
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Worse cnan uie Disease: Pitfalls of Medicai 
Progress 

Dura E. Duaon uixn conmbuaons oy Thomas A. r.muu ana 
Nancr £. Pfund. Cimbrtage: Cambnage Ur-vemry Press. 
1988. Pp £:5. ISBN 0-521340233. 

Or Duron a a sociologist witn a special ir.tertst in the 
devefopmen: of heaich policy. She cieariy snares Lord 
Salisbury s \new chat doctors are a variety oi exgert wno 
require :o have tneir strong wme diluted by very large 
admixture or insipid cornmonsense. On the evrder.ee of this 
book she nas a strong case. Four detailed histories of maior 
rneaacai ceveiopments are presented. Two c: these 
uuiimv es caused considerable harm ana surfehns to a smai: 
rrrrrnneT c: peopie at enormous cost and witnout cinicai 
r-cienL Tr.s Amencan swine ilu mass irrj^umsanon 
prcgramrr.e was designed to protect against an epidemic mat 
zid not occur and resulted in severe neurological nisray in 
some uniuocy recipients. The arrmrial heart programme 
c a o smu e a vast federal runds over many years ana. when 
cested tprooabry prematurely) in man. failed to extend life 
signincantxy out afforded a few individuals a miserable 
1ram A *jurd development, diemytsdlboestroi. was riailed 
as a wonder drug and widely put to unproven use unci 
serious adverse sequeiae were noted in the cniidren of 
women wno had r e c e iv ed it. In the fourth case history, the 
ocveioprnent of recombinant DNA methods, ^lere ts no 
discernible evidence of physical harm, ai m o ugn the 
sateguards mtroduced in the eariy days, alter puoiic debate, 
were crushed aside under commeroai ana scennnc 
pressures. In the aosence of anv harmxui outcome, mis last 
case is very much the odd man out: I suspect tnat it is 
inciuded because of the eariy public consuitanon. litnougn 
•jus ccnsuitanon had littie eaect upon tne xurse of 
events. 

In uie zrsx three examples there is an eiemer.t of being 
•jvise after tr.e evenL At ;east some of those involved acted 
from tne rarest of mooves when tnere was ccnsiderabie 



^r.ccrtainr.- tsout tne paths to be taken. Later, nurse: forces 
zistonea c:mcai ana saenanc ludzment. ;:rr.?itatmg 
uniusaileu ciimcai use together with crsrrucrjon of 
r.ecessan' acuon b)r the regulatory aumonces. 1: ;s a sorry 
*jue. and i: uiere :s one oovious iesson ;i *jut tne 
markcrpiacs :s no tesong ground for medicai inr.cvanon of 
--e son discussed here. Where financai rtrums are 
involved, aiey oniy too easily corrupt saenanc. cumcai. and 
ithical iudgment — tn ways mat are not always oovious to the 
rarnapants at me time. 

Durton conanues to swim against the dde by suggesting 
■jut governments must take re s ponsibility for safeguarding 
5oaety trom the consequences of regarcK medical 
ceveiopments as saleable commodides. This pxuiosophy she 
sees as a variant of Tudor Hart's inverse-care whereoy 
the areas of greatest need attract the least resources. The 
iifficuitv here is obvious from one of her case rustones^ — the 
mass immunisation programme against swane riiuenza. 
Here an eariy warning system was tnggerec :co easiiy, a 
President in an election year needed to present a aeosive 
J7iaae» ana experts lost me courage of their ccr.vicnons in 
*iie race of the high cost of possibly being proven wrong. Tne 
result was a programme that would have faiied :o stem an 
epidemic even if the epidemic had occurrec. Where 
powerful gover nm ental niachinery existed it over-r eacted in 
an inc om petent way. 

Dutton recognises the shonamungs of zovemmental 
niachinery. Her solution is public accounraoiiiry through 
other mechanisms at local and narionai ievel. She 
recognises the obvious difficulty presented by l-.c way the 
popular voice is heard at present. Tnis heavemy chorus 
'sings with a strong upper ciass accent. Probabiy aoout 90% 
of the people cannot get into the pressure system One 
model she sees in a favourable light is the cozens canei set 
up by the Cambridge (Massachusetts) Cry Manager to 
examine the potential risks of recombinant DNA research at 
rwo of the world's leading universities. This unique 
approacn empioyea non-experrs as a lury. At a naconai icvei 
she proooses greater congressional oversight :: medicai 
--^novation ana cernaps the consrxuenon c: zr. overaii 
poiicy-making ooay within the United States Drcarcment 



^ ^ TABL£ i 

TABLE 2 SUMMARY OF IMMUNOLOGICAL TESTS CH CAMPATH-iH 

PREPARATIONS 



CAMPATH-IH ZLISA T-ceil a Antigen b Camplemenr 

preparation (rag/mi) binding binding mediated lysis 

(U/ml) (U/ml) (u/ml) 



CHO 1.72 1.32 1.77 1.69 

Myeloma 1.83 1.46 • -1.60 1.42 

— > 

a 

T-cell(HUT-78) binding radioassay. Antibody activity (U/ml) is relative 
to a purified CHO-derived CAMPATH-1H (Img/ml) standard, defined as 
having lQOOU/ml. 

b 

Soluble CDw52 antigen binding ELISA. 
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Alzheimer s disease: prospects for treatment 

Sir. — o-amyioid precursor protein .iAPPI is e.\-pressed in 
increased amounts in neurons that art undergoing synaptogenesis 
during development, reinnervanon. and resprouung i — an 
observaaon that Dr Murphy iDec 19 26 p 1512) neglects in his 
review of the therapeutic prospects ior .Alzheimer's disease t AD). 
Investigations of Down s syndrome and head iniury^ suggest that 
the levet ot 0APP can nse above the limits ot neuronal metaoolic 
capacity and lead to an extracellular deposition ot the 6- amyloid 
protein, an event widely believed to precipitate eventual tangle 
formation. 

Ageing is the most important risk factor tor AD . and is associated 
with neuronal resprouung, which leads to an increase in the 
expression of 8APP. The development or AD-related pathological 
changes may be regarded as a result of the loss of control of protein 
expression needed for repair and regeneraucn of neurons. 3 
Neuronal damage, repair, and regeneration are associated with a 
cascade of proteins, which is termed the acute-phase response and 
which stimulates protein exp r e ss ion in the brain. The expression of 
interieukin-l (IL-1), which is a major component of this response, 
is raised in both AD and Down s syndrome.* IL-1 directly 
promotes the expression of (3APP. 5 The actions of IL-1 can be 
specifically blocked by an endogenous protein — the interteukin-1- 
receptor antagonist (IL1-RA). The importance of the IL-1 system 
has been recognised in the modulation of systemic disease 
processes. For example, in Hodgkin's disease* and Lyme disease 7 
the balance between the levels of iL-1 and IL1-RA have proved of 
clinical significance. 

Preliminary evidence suggests that IL1-RA reduces the IL-1 
induced fJAPP secretion from cell cultures. 4 This effect has also 
been demonstrated in vivo in animal models of brain injury.* Thus, 
manipulation and blockade of IL-1 stimulated responses can 
arneioriate excess production or secretion of pAPP — the critical 
feature that initiates the pathological cascade in Alzheimer's disease. 
IL1-RA may have considerable vaiue in the treatment of 
neurodegenerative disorders such as AD. 
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Capsaicin and swallowing reflex 

Sir, — Swallowing disorders are common in the elderly and cause 
significant morbidity and mortality due to aspiration pneumonia. 
Delayed triggering of the swallowing reflex occurs in patients with 
swallowing disorders. We have examined the effects of capsaicin, 
the pungent substance in red peppers that can stimulate sensory 
nerves, 1 on swallowing reflex in the elderly. 

The 20 patients, mean age 76 'SE 2) years, had cerebral 
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Caosaicm ■ - iog M/mj| 

Dose-responsa effects of capsaicin on latent time of 
swallowing. 

♦Significant differences from values tor vehicle (p < 0 01 ). 

thrombosis or dementia due to cerebral arterial sclerosis. Computed 
tomography revealed various degree of cerebral atrophy and lacunar 
infarction in ail patients. We also studied age-matched controls, 
mean age 74 ( 1 )» who were volunteers and led an active daily life. 

To eliminate any diurnal variation in swallowing reflex the 
challenges were done at the same ume of day. The swallowing reflex 
was induced by a bolus injection of 1 mL solution into the pharynx 
through a nasal catheter. The subjects were unaware of the 
actual injection^ Swallowing was identified by submental 
electomyographic (BMG) activity and visual observaaon of the 
characterishc laryngeal movement.' EMG activity was recorded 
Cram surface electrodes on the chin. The swallowing reflex was 
evaluated by the latency of response, which was timed from the 
injection to the onset of swallowing.' To measure dose-response 
effects of capsaicin on the swallowing reflex, patients received either 
vehicle or capsaicin (10~ u to 10"* mol/mL). Studies on each 
concentration of capsaicin were done double-blind and randomised, 
with an interval of 2 min. The latency of response to vehide was 
significantly longer in the patients dun in the controls (81 [0*9] vs 
10 [0-1] s, p< 0-001). The effect of capsaicin was ck>se-dependcnt 
(figure). No side-effects or unpleasant sensations were observed. 

The addition of a low dose of capsaicin to liquid or food may 
stimulate the swallowing reflex and help to prevent aspiration 
pneumonia in the elderly. 

TakaeEbihara 
Kiyohisa Sekizawa 

Department of Genatnc Medicine, HlDEKJ NAKAZAWA 

Tohofcu Urtrvaraity School ot Medicine. rtuJEKl NAKAZAWA 

Sendat 960. Japan HiDETADA SASAKI 
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Differential response in a patient treated 
with Campath-1 H monoclonal antibody for 
refractory non-Hodgkin lymphoma 

Sir, — Lymphocyte-depleting monoclonal antibodies (Macs) are 
increasingly used in patients with lymphomas, with rheumatoid 
arthritis, and in padents undergoing organ and bone marrow 
transplantation.^ We are treating padents with refractory non- 
Hodgkin lymphoma (NHL) in a phase I/II multicentre study with 
Campath-1 H. This humanised antibody is reactive to the CDw52 
antigen expressed on most lymphoid cells, including malignant 
lymphoma ceils. We report a patient with an interesting response to 
Campath- 1 H who illustrates some important issues associa ted with 
the use of Mab in patients with ma l i g nan t disease. 

A 50-year-old man was diflgrr wH in June, 1991, with a stage 1VB 
intermediate grade NHL (diffuse mixed small and large ceil NHL, 
International Working Formulation grade F). He had disease 
involving lymph nodes, spleen, and bone marrow. He was treated 
with six courses of CHOP ( cvdophosphamide, doxorubicin, 
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vincmnnc, and prednisolone) and achieved partial remission with 
reduction in organomegaly and the degree oi bone marrow 
infiltrate. He relapsed after o months and was treated with 
intmieron-alfa to which he did not respond. Before ennrv x.to the 
Camrjarh-lH study he developed progressive disease. "he spleen 
was 20 cm palpable below the left costal margin. He also had 
extensive abdominal lymphadenopathy and circulating iympnoma 
cells. Bone marow was heavily infiltrated ( > 80%) by lymphoma 
cells that strongly expressed CDw52 and also expressed CDS ana 
CD 1 9. He received four weeks of Campath- 1 H 25 mg three times a 
week by intravenous infusion over 2 h, which was toieratea weil 
with minor ngors and high temperature. 

His spleen had become impalpable, although it was enlarged on 
computed tomography (CT). Circulating Iympnoma ceils were 
cleared from the blood. Bone marrow examination reveaied a 
reduction in the malignant infiltrate (<5%, confirmed by 
imnnnophenoryping). However, abdominal CT showed 
progressive enlargement of lymph nodes. Bone marrow harvest 
four weeks after completing the course of Campath- 1 H preceded 
ex-VTvo purging with Campath- 1 M (a rodent IgM directed at 
CD52). The unpurged marrow contained 16% CD 5 /CD 19 
positive ceils, but these were reduced to under 0-4% after treatment 
with Campath- 1M. We now plan to treat this panent with 
high-dose mydoablanve chemo radiotherapy followed by 
autologous bone marrow rescue (ABMT). 

We observed a differential pattern of response (good response in 
blood, bone marrow, and spleen but disease progression in lymph 
nodes), which probably indicates different accessibility of the Mab 
to tumour cells in various body compartments. Antibody therapy 
for nodal disease may best be given in the setting of minimum 
residual disease where nodal size is small and anobody accessibility 
may be increased. Mab therapy for bone marrow disease, however, 
seems promising. Although complete remission did not result, 
Campath- 1 H therapy was associated wi th substantial cytoreduchon 
of l ymphom a cells horn bone marrow. Ex-vivo cytoreduchon with 
Campath- 1M marrow purging led to marrow clearance of 
significant lymphoma cells and permitted bone marrow harvesting 
and subsequent ABMT. The Mab was given with minimum 
adverse reaction and on an outpatient basis. Unlike regimens, such 
as mmiBEAM, which are s om e ti mes given to clear bone marrow 
disease before ABMT in patients with lymphoma, Campath- 1H 
did not result in pancytopenia and our patient therefore did not 
require blood or platelet support. He also did not develop infection 
during Campath- 1 therapy. Since Campath- 1 is not reactive with 
the haemopoiehc stem cells that repopulate the bone marrow after 
myrinahlanve chemoradiotherapy, its use before ABMT may also 
be preferable to chemotherapy which could damage stem cells and 
delay bone marrow regeneraborL 

Seah H. Lim 

SSS^^hZST' GlLUJAN DAVEY 

Caa*v4Q» CB2 2QQ. UK ROBERT MARCUS 
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Cyclosporin absorption from microemulsion 
formulation in liver transplant recipient 

Sir, — The absorption of oral cyclosporin depends on normal 
flow of bile into the proximal bowel and is impaired by cholestasis. 
In the early postoperative period after liver transplantation, patients 
with external biliary diversion (via a T-tube) fail to absorb the 
oonvenuonal oral cyclosporin solution Sandimmune and require 
parenteral infusion of the drug until normal biieflow to the gut is 
icmjied . In some panents, however, persistent cholestasis may 
warrant continued intravenous use, prolonging hospital stay and 
ex po se ig the panent to a greater risk of severe side-effects, such as 
seizures,' The poor absorption of the conventional oral soludon 
may be overcome by the development of oral formulations with 
improved absorption characteristics.* We have compared the 



pharmacokinetics of a new oral microemuision iormuiaaon t Neorai) 
■>vith the convenuonai oral solution in a 55-year-ota fernaie Uver 
:nmspiant recipient who had impaired absorption oi drug aue to a 
biliary stricture and who subsequently had acute allograft rejection. 
Trough blood cyclosporin concentrations, measured oy monoclonal- 
antibody-based radioimmunoassay t Cyclo Trak-SP. Incstarj, 
remained undetectable (below 25 ug/L) despite increasing doses or" 
the convennonal oral soludon up to 8 mg/kg per oav. 

Throughout the pharmacokinetic sruay the panent was 
maintained on a continuous inoavenous infusion of cyclosporin (08 
mg/kg per day). The pauent was given a test dose ; 5 mg/kg) of 
conventional cyclosporin capsules on the 4th day after beginning 
the infusion and given the same dose of the microemulsion in 
capsules 3 days later. Three steady-state blood cyclosporin 
concentranons measured on the day before both orai doses were 
within the range 220-250 ug/L. Blood samples for pharmacokinetic 
analyses were collected immediately before both oral doses and at 1 5 
omed intervals over a 24 h period after each dose. Mealtimes were 
standardised after both oral formulations. 

The timed blood samples collected after the two oral doses were 
randomised before assay. The area under the concentration versus 
time curves (AUQ was estimated by the trapezoidal rule and 
used to calculate bioavaiiablity i,F) from: F=i infusion 
rateXC ss " 'XAUCXoral dose " *), where C ss is the average steady- 
state cyclosporin concentration during the infusion measured 
before the oral doses. 

Despite poor absorption of cyclosporin from both oral 
formulations, bioavailability with the microemulsion (4 0%) was 
3 5-fold greater than that with the convenuonai soludon (0-47%). 
On the basis of these results, the cyclosporin infusion was 
disconnhued and the panent stabilised on a microemulsion dose of 
10 mg/kg daily. The mean of three trough blood cyclosporin 
concentrations measured during the subsequent week on this dose 
was 120 ug/L, and the patient was discharged home. 

This new oral formulabon may have considerable impact on the 
management of liver transplant recipients in reducing the 
requirement for inoavenous cyclosporin with its attendant side- 
effects and in acceleradng discharge from hospital. 

We think Sandaz for supplying the cyclosporin microemuisian apsuies. 

A. K. Trull 
K. K. C. Tan 

Department of Clinical Biochemistry, J. UTTRJDGE 

Clinical Pharmacology Unit. -p BAUER 

and Department! of Surgery and Medicina, 
Addanbrookt • Hosoitat. 0 - J - ALEXANDER 

Cambridge CB2 2QR, UK N. V. JaMJESON 
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Serum lipids and depression 

Sir, — The paper by Mr Morgan and colleagues (Jan 9, p 75) 
linking low cholesterol and depression in elderly men prompted us 
to look at the relation between lipids and depression in the Helsinki 
Ageing Study, the baseline lipid values of which have been 
reported. 1 In this study of cohorts aged 75, 80, and 85 years <n = 621 
with lipid detenrunaoons) the baseline assessments included 
standard lipid analyses, questionnaires, and a health examination. A 
questionnaire-based follow-up was done after a year. Depression 
was assessed by questionnaire (history of depression and Zung 
self-rating depression scale [SDS] 2 ) and by the examining 
physician's assessment of depression, severe depression being as 
defined in DSM-III. Data were analysed with BMDP statistical 
software. 

Neither in men nor in women was- baseline serum total or 
low-density-lipoprotem (LDU cholesterol significantly associated 
with any baseline variables related to depression. Nor were serum 
triglycerides in men associated with these variables, although men 
with low high-density lipoprotein (HDL) cholesterol ( < I O 
mmoi/L) tended to have higher baseline SDS sum scores. In 
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-e identified at a siightly later stage in disease progression. 
This idea is consistent with the difference in age v mean ~4 i s 
35 vearsj between our groups 1 and 2 f A. B vs C 

There is a runner point of interest in the comparative 
iubgrouD of eroup 2 (1 previous pnrnary meianoma ana a 
-ormai naevus partem). No second primary meianomas 
vere seen in this group, whereas 0 026 would have oeen 
expected. This rinding confirms those from studies oi 
multiple pnmary meianomas that large numbers ot naevi are 
■jl risk factor tor second and subsequent primary rumours.' 0 
Among paoents with previous melanomas the difference m 
age between tnose with atypical and normal naevus patterns 
35 [16-631 vs 54 [28-79] years) is significant ^p < O OP; this 
finding suggests that patients with an atypical naevus 
panem have either genetic or eariy life environmental 
factors that accelerate the development of melanoma. It is 
lempung to speculate that this factor may be eariy chiidhooa 
sun exposure, which not only causes development oi large 
numbers of naevi 11 -" but also acts as an initiating agent ror 
later development of melanoma. 

Patients and their relatives in category D are cieany at 
greatly increased risk of a first or subsequent primary 
humour and need life-time surveillance. The lac* oi a 
significant difference in risk between combined categories 
A-C and category D may reflect the small numbers and thus 
wide confidence intervals in group D. 

Photographic recording of naevi and use of these 
photographs to detect change suggesting development ot 
melanoma has been essential in this study. Only one oi the 
surveillance-detected melanomas was suspected by the 
patient. The value of surveillance is also supported by the 
thickness of the rumours at detection; only 2 were thicker 
than 1 -5 mm and both of these, on review of photographs, 
showed a greater degree of iriflamrnation at 6 months before 
clinical suspicion and excision than any of the thinner 
melanomas. Although we and others have previously 
described inflarnmauon as a clinical characteristic ot benign 
but atypical naevi, we would recommend caunon in 
dismissing persistendy inflamed meianocync lesions as 
benign, and suggest excision. . 

In-situ or level- 1 melanomas were not included in 
calculations of relative risk, since it is not clear whether all 
in-sim lesions progress to invasive melanomas. The lack of 
an appropriate animal model makes it impossible to 
investigate this question further at present. If even a 
proportion of in-situ lesions are progressive, our calculanons 
are an underestimate of the magnitude of the relative risk. 

The incidence of melanoma was 709 per 100 000 in 
category A-C individuals and 4429 per 1 00 000 in category 
D; the rates in the general Scottish populanon range rrom 
5-10 per 100000 for the relevant age groups. By 
cornparison, current incidence rates for breast carcinoma 
and cervical cancer, in the age ranges that merit specifically 
funded screening programmes, are 224 and 224 per 
100 000. There is, therefore, a strong case for runding ot 
meianoma surveillance programmes or clinics aimed at 
facilitating early diagnosis for individuals with atypical 
naevi, especially given that, despite intensive research, tnere 
have been few advances in the management of meianoma 
that has spread beyond the primary site. 
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Long-term remission of intractable 
systemic vasculitis with 
monoclonal antibody therapy 

C. Martin Lockwood Sathia Thiru 
John D. Isaacs Geoff Hale 
Herman Waldmann 

Monoclonal antibodies that target T cells offer an 
alternative to conventional immunosuppressive 
drugs in the management of autoimmune disease. 
"H urbanisation" of such monoclonal antibodies 
makes their clinical use less likely to be prone to the 
risk of cross-species sensitisation than treatment 
with rodent antibodies. We describe humanised 
monoclonal antibody therapy in four patients with 
severe systemic vasculitis unresponsive to 
immunosuppressive drugs. Substantial and 
sustained benefit was seen in three of the four 
patients, although one of these three patients 
developed anti-idiotypic antibodies that had to be 
removed by plasma exchange. 

Lancet 1993; 341: 1620-22. 



\ wide range of monoclonal antibodies (mAbs) that react 
%vith T ceils have been examined as possible therapeutic 
asients in experimental autoimmune disease. 1 However, 
experience with the use of mAbs in man for such conditions 
is limited. We have reported successful use of a combination 
of two mAbs to treat a patient with autoimmune systemic 
vasculitis. 2 Here we report the use of such mAbs to treat 
three further patients with similar vasculitis and describe the 
progress of the first patient during the 42 months since he 
received the original treatment regimen. 
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All patients wete refractory to weomsone. cvciocnosonamiae. aiatmoonne. cvciosoonn A. In addition, patients 1. 2. ana 4 had (ailed treatment with otasma exchange and 
high-dose pooled intravenous immunooiobutm. a~o patient 4 had received total Ivmph node irradiation before referral. 



All four patients had life-threatenir.g disease and had been 
relractory to conventional immunosuDpressive agents. Details of 
the patients' clinical presentations ana laboratory investigations axe 
shown in the table. All patients were treated with CAMPATH- 1H, 
a "humanised'* analymphocvre mAb that recognises the CDw52 
antigen within the lymphocyte population. The maior etFect of 
CAMPATH- 1 H appears to be on T-ceii numbers and hence T-ceil 
function. Depletion of CD 4 and CDS subpopuiauons has been 
reported after administraoon of CAMPATH- 1H in man. J In 
addition, paoent 1 was given 'r'NB 46- U J a rat igG2b that can 
inter! ere with the function of CD4 antigen, and patients 2 and 4 
received hIgG!CD4, a humanised monoclonal ana -CD 4 antibody. 
The mAbs were administered intravenously in doses up to 40 mg 
daily and their depleting effect cn circulating lymphocyte 
populations* was determined as described previously. 3 
Antiglobulin and anti-idiotype responses to these antibodies were 
assessed by double-capture enzvme- linked immunosorbent assays. 4 
The assay for antibodies to CAMPATH- 1H was capable of 
detecting 2 ug/ mL of polyclonal goat ana-human IgG (Sigma) and 
10 ng/mL of monoclonal anti-idiorype anabody YID 13*9 (which 
recognises the CAMPATH- 1 H idiorype ). The assay for antibodies 
to anu-CD4 mAbs could detect 250 ng/mL of the anti-rat IgG2b 
mAbNORIG 7 16. 

Only patient 2 made an antiglobulin response against 
CAMPATH- 1H. This was a pure ano-idiotype response, 
which was first detected after the failure of a third course of 
therapy and reached a tirre equivalent to 16 ug/mL of YID 
13-9. Antiglobulins became undetectable after plasma 
exchange, but were boosted within a week of the fourth 
course of treatment to a concentration equivalent to 120 
Ug/mL of YID 13-9.* There was prolonged depletion of 
CD4 cells in all patients treated with mAbs ( figure ), but only 
patient 4 developed an opportunistic- infection— oral 
candidiasis^ — which responded to appropriate treatment. 
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Effect of CAM PATH -1 H on peripheral C04 cells. 

There was substantial depletion of CD4 ceils with mAb treatment when 
measured as % total circulating iy monocytes ( normal range greater than 
25%). In oat lent 2. a rise in CD4 cells occurreo at times of relaose. 
Recovery of CD4 counts to 0 2 * tOVL or greater toe* oiace after two 
• patient 1 1. twelve (patient 21. or eleven months (patients 3 and 4). 



The beneficial immunoreguiatory effect of mAb therapy 
was still present after a year in three patients and after three 
and a half years in one of these patients. Although CD4 
counts fell after mAb treatment in the fourth patient, 
persistence of raised circulating interferon gamma and 
C- reactive protein concentrations suggested that these 
iruTammatory indices were independent of the CDw52- 
positive population Of lymphocytes. Subsequent treatment 
of the fourth patient with thalidomide, which inhibits 
mterferon-gamrna-mediated tumour necrosis factor release 
from monocytes, 5 has secured long-term disease control. 

Early experience with mAb therapy suggested that certain 
patients with intractable forms of vasculitis could respond to 
treatment directed at T cells rather than at B cells and their 
products. 2 All the patients described here had disease 
characterised by vasculitis, with biopsy evidence of T-cell 
infiltrates in and around vessels and in the interstitial tissues 
of affected organs, lack of circulating vasculitis-associated 
antineutrophil cytoplasm antibody, and resistance to 
conventional immunosuppression. However, it is uncertain 
whether T cells mediated directly tissue injury in our 
patients, since, even with repeated biopsy, it was difficult to 
identify vessel-wall necrosis juxtaposed to T-cell infiltrates. 
Nevertheless, experimental models suggest that T cells may 
have some direct involvement in vessel damage. 6 
Furthermore, all four patients responded rapidly to 
antibody treatment, the promptness of improvement 
(usually within 72 h) suggesting that cell-mediated rather 
than antibody-mediated mechanisms were affected 
predorninandy. 

Despite "hiirnanisarion", an anti-idiotypic antibody 
response was detected in the second patient after two courses 
of CAMPATH- 1H. The humanised anti-GD4 antibody 
(hIgGlCD4) was not available at the time this patient first 
needed treatment. Whether development of the anti- 
idiotypic response can be avoided in future by the early 
combination of anti-CD4 antibody with CAMPATH- iH 
remains to be evaluated. Experimental studies have shown 
that combination therapy can give better tolerance than 
either mAb used alone, 7 and better control of the 
progression of an established autoimmune response. 4 We 
believe such a combination strategy may offer substantial 
benefit in some patients. However, CAMPATH- 1H alone 
was effective long-term in our third patient when given in a 
sufficient dose. Whether reprogramming of the immune 
system by mAb treatment can regularly provide sustained 
effects independent of other treatment, or whether, as in our 



•Figures showing effect of CAMPATH- 1H on circulating lymphocyte 
counts and renal and lung function in pabem J. ana development of 
anti-idiocypic responses in paoent 2, are available on request trom The Lancet. 
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second patient, it restores sensitivity to iow doses of 
conventional uTimunosuppressive drugs 'unpublished) 
remains to be seen. Further studies to explore use of these 
mAbs in other autoimmune diseases seem warranted. 

This wont was supported by the Medical Researcn Council, ihe Weiicomc 
Trust, ine Wellcome Foundaoon. ana the Oilman Foundation. We than* Dr 
A. J. Cnsp» Professor M. J. Brown, ana Dr A. M. Denman tor alio win a us to 
itudy their panents. We also thank Ms Helen Waller for iccnnicai assistance, 
ina Dr J. Phillips and the staif of the uierapeuoc anaoody centre ior 
production of anobodies. C. M. L. :s a Wellcome Reaaer in tne School of 
Ginicai Medianc CAMPATH-1H is a traaemaric of ine Wellcome 
rounoanon. 
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T-cell-mediated response in 
Dupuytrens disease 

Kevin S. Baird Wafa H. Alwan 
James F. Crossan Beata Wojciak 

The cause of Dupuytren s disease is unknown, but 
inflammatory ceils might have a role. Enzymatic 
digestion of diseased tissue permits identification 
and immunofluorescent labelling of a cell subset 
displaying inflammatory ceil morphology. 
Cytofluorimetry of this cell population demonstrated 
the presence of CD3-positive lymphocytes and 
expression of major histocompatibility complex 
(MHC) class II proteins. These results raise the 
possibility that Dupuytren s disease is a T-ceil- 
mediated autoimmune disorder. The development of 
medical treatment on this basis may reduce the need 
for surgery, with its associated morbidity and high 
recurrence rates. 

Lancet 1 993; 341 : 1 622-23. 



Individuals with Dupuytren' s disease have a genetically- 
determined predisposition to the condition. 1 The precise 
aetiology remains unclear but fibroblasts and 
myofibroblasts are thought to have a central role, : and 



superoxide free radicals might be the snmuius to 
rr. yoribroblast proliferation^ The condition may aiso occur 
:n association with various other medical disorders. ys The 
p revaience and clinicai significance of inllammatory ceils in 
diseased tissue is controversial. 6 Saird et ar have 
demonstrated cytokine expression in nssue from Dupuytren 
pa aents, and certain inflammatory ceils are known to be 
potential sources of these intercellular signalling molecules. 
*X*e have examined inflammatory cells in tissue rrorn 
patient's with Dupuytren' s disease by ilow cytometry' of 
digested specimens to reduce sampling errors in histological 
examination of this heterogeneous tissue. 

Specimens of subcutaneous ussue were obtained from 13 male 
ma 1 female (aged 43-77 years, mean 63*) Dupuytren's patients 
undergoing palmar fasciectomy. Control tissue was obtained by 
combining palmar fascia specimens excised from 3 male and 3 
female (aged 38-67, mean 58) pahents having carpal tunnel 
decompression. These specimens were pooled to obtain adequate 
ceil numbers for analysis. All operations were done under regional 
anaesthesia with exsanguinaoon of the limb. Tissue was diced into 2 
mm fragments and digested at 37*C in coUagenase 01%/DNAse 
0 01% for3hfollowed by trypsin 005 °/o/edenc acid 002% for I h. 
Filtration yielded a cell suspension in which residual enzyme aavity 
•vas neutralised by washing and resus pending cells in Dulbecco's 
modified eagle medium containing 10% fetal calf serum (Gibco). 
Cells were plated out at a maximum initial density of 5 * 10* 
per dish and incubated overnight to allow separation of adherent 
ceils (fibroblasts and macrophages; from inflammatory cells. This 
procedure also allowed regeneration of cell surface markers depleted 
by enzymatic activity. Non-adherent cells were harvested and 
samples of 2 0-30 x 10 5 cells were resuspended in 200 ul medium, 
;nen labelled with fluorescent monocionai antibodies designed for 
flow c yto me tr y (Dako). The panel of paired fluorescent aritibody 
combinations used and the inflammatory cell subsets that they 
recognise were: CD45/14 (pan-leucocyte/monocyte); CD 3/ 19 (pan 
T-ceil/ pan B-cell); CD 3/4 (pan T-cdl/T-helper ceil); CD3/8 (pan 
T/cytotoxic T-ceil); HLA-DR/CD3 (activated cells/pan-T); and 
CD16 + 56 (natural killer [NK] cells). Cells were labelled at room 
temperature for 10 min with 10 ul of neat antibody, washed with 
phosphau> buffered saline, fixed with 1 % paraformaldehyde, and 
fluorescence was measured with the Lysys II programme on a 
Becton Dickinson FACScan flow cytometer. Dedicated software 
permitted statistical analysis of the data obtained. Cytospm 
preparations of both adherent and non-adherent ceils were stained 
with Giemsa's stain for examinanon by light microscpy. 

Light microscopy of adherent cells showed a 
homogeneous subpopulation of relatively large cells with 
foamy cytoplasm. By striking contrast the non-adherent 
subpopulation was heterogeneous, with many small, darkly- 
stained cells having the appearance of lymphocytes. The 
table shows the results from flow cytometry of non-adherent 
cells. 15-30% (mean 25%) of all Dupuytren cells in the 
lymphocyte gate were CD 3- positive T- lymphocytes, 
compared with less than 0-5% of non-adherent cells from 
normal fascia. HLA-DR antigen was detected in 15-41% 
(mean 27%) of ail gated cells from Dupuytren's patients, 
compared with 1 -2% of controls. All other markers were 
expressed infrequently on Dupuytren ceils, indicating a low 
prevalence of CD4 T-helper cells (16-4-3%) and CD8 
cytotoxic T-cells (2-7-8*0%). Not shown in the table 
because of uniformly low-labelling frequency) are 
CD16 + 56 NK ceils (<i-H%), CD 19 B-lymphocytes 
(< 1-5-0%), and CD14 monocytes (<l%). Very low 
frequencies of antibody labelling were also demonstrated by 
the pooled control fascia cells (less than 1 -5% in each case). 

Tissue in Dupuytren's disease contains substantial 
numbers of CD3-positive T-cells, suggesting that they are 
important mediators in the pathogenesis of this condition. 
The low prevalence of CD4, CD 8, and CD 16 + 56 anngens 
indicates that most of these ceils may belong to a further 
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Continuous ambulatory subcutaneous 
desmopressin infusion in patient with 
diabetes insipidus 

Sir. — A 23-year-old woman was admitted wiih loss of control or 
her aiaoetes insipidus, with a daily diuresis or 3500-TOOO ml. From 
age 2. her diabetes insipidus had been adequately regulated with 
desmopressin intranasally but this method ot administration nad 
recently proved iiisurnaent. An explanation for this acauired 
insensidviiy could not be found. The addition ot carbamazeuine 
and Later alteration to an oral form of desmopressin gave no 
improvement. With subcutaneous administration of desmopressin 
three rtrw« daily, the diuresis varied from oOO to 4500 mL. 'a men 
the paoenx experienced as very unpleasant. The best result was 
achieved with intramuscular injections, but the patient did not want 
to administer these herself. We therefore decided to use continuous 
subcutaneous adixiinistranon, such as is used in the treatment of 
patients with Hiatvt^ mellirus (Nordisk infuscr MK 2\. The 
steruxsed ampoules were rilled with desmopressin by the pharmacist 
f 1 -714 ug » 2 -5 mL solution). The best results were achieved when 
each ampoule was used for no longer than 24 h. The paaent was 
quickly able to adjust the infusion speed on the basis of diuresis and 
thirst, to give a daily diuresis of 1000-2500 mL. This system has 
now operated satisfactorily for 2 years without complications. The 
patient has even had her first baby in this period. 



Department of Internal Medicine. 

Eemiana Hospital. 

331 8 ES Amantoon. Netherlands 



M. J. MUIS 

A. VAN DE WlEL 



Failure of subcutaneous vasopressin in 
diagnosis of central diabetes insipidus 

Sir, — We report a patient in whom the diagnosis of central 
riiah— »r insipidus could be made only after the administration of 
vasopressin intravenously, not subcutaneously , as is recommended. 
A 34-year-old woman had haemorraghic shock due to massive 
upper gastrointestinal bleeding, followed by septic shock, during 
chrome illness that resulted from acute pancreaaris with multiple 
organ finhnc 2 days after the bleeding episode the panent had 
polyuria (up to 800 mL/h) and hypernatraemia (up to 1 57 mmol/L) 
with dilute urine (238 mosmol/kg). Vasopressin 5 U was given 
subcutaneously, 11 but urinary output and osmolality did not 
change. After several hours the test was repeated with intravenous 
vasopressin 5 U, resulting in an increase of urine osmolality from 
239 to 448 mosmol/kg, and a dramatic drop in urinary output, 
thereby establishing the diagnosis of central diabetes insipidus. At 
that tune the panent was very oedematous and was being treated in 
intensive care with vasoactive drugs, among others. Thus the 
subcurjocous vasopressin test can lead to the erroneous diagnosis of 
nep hr ogenic diabetes insipidus in the critically ill patient. 
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Adverse reactions to Campath-1 H 
monoclonal antibody 

Sir,— Dr Lim and colleagues (Feb 13, p 432) report a case of 
non-Hodgkin lymphoma resistant to first-line chemotherapy and 
interferon that was treated with the humanised antibody to the 
CDw52 antigen (Campath-1 H) with minimal adverse reactions. 
They report a poor response to this immunotherapy in lymph node 
masses, but good clearance from the bone marrow, blood, and 
spleen, and plan to consolidate this with an autologous bone marrow 
transDianL 



We also report a differential response between iymph nodes and 
/one marrow seen in four consecunve pauents treateu for up to 9 
months with higher doses of Gun path- 1 H ( up to »0 mg three ames 
i ween) than used by Lim and colleagues. Three out of four panents 
v-ith bone marrow involvement have had a complete response in the 
xme marrow, but axillary and cervical node reeression was seen in 
:ne paucnt who had no response in the abdorruno-pelvic nodes. 
However, several quite senous adverse reactions i anaphylaxis, 
r.eutropenia, and opportunistic infections) occurred at different 
ioses. Prolonged bone marrow hypoplasia was seen in two patients 
pven Campath-1 H at doses ranging from 6 to 80 mg three ames a 
veek over 6-9 months. The first panent received 1 1 doses of 80 mg 
-.ven three ames a week. An almost total marrow aplasia developed 
vith a nadir white blood count ( WBO of 0- 12 * 10*/ L, platelets less 
'jian 15 * 10*/L, and a neutrophil count of 0 07 x io»/L. With 
intensive supportive care his marrow is slowly recovering, and 4 
months after stopping treatment the WBC is 1 9 * lO'/L with 
1 39 x 10*/L neutrophils. Axillary and cervical lymph node masses 
have resolved further off trearment, whereas pelvic ones have 
progressed in size. A second patient also had hypoplasia of the 
marrow, but Campath-lH treatment was stopped immediately 
cellularity of trephine was 25%), and the marrow recovered within 
ta-o months to a cellularity of 80%. 

Our patients also developed severe infections such as generalised 
herpes zoster, despite neutrophil counts greater than 1 * 10*/L,and 
septicaemia including one episode caused by Listeria monocytogenes. 
A number of patients had rigors, one of which was associated with 
hypotension needing resuscitation with adrenaline. These reactions 
were idiosyncratic in nature, in as much as they were not necessarily 
related to the first dose and did not recur after rechailenge with 
Campath-1 H. Wfe have not seen the development of neutralising 
antibodies to Campath-1 H, but this is clearly another potential 
problem. One patient experienced a severe anaphylactoid reaction 
to a dose of 25 mg of Campath-1 H, but continued in complete 
remission in the bone marrow on 8 mg of Campath- 1 H three times a 
week for 3 months, and after consolidative radiotherapy has 
received an allogeneic bone marrow transplant, and is now in hill 
remission 6 months later. 

In conclusion, we agree with Lim and colleagues that 
Campath- IH is an exciting new treatment for resistant non- 
Hodgkin lymphoma, but caution against underestimating its 
potential toxicity. The differential response in marrow and lymph 
nodes needs further investigation by studying the biodisthbution of 
Campath- 1H and its relation to access to the patients' immune 
effector mechanisms, such as antibody-dependent cellular 
cytotoxicity. The current multicentre phase II study with 
Wellcome Research Laboratories may provide answers to some of 
iiese questions in a much larger group of patients. 
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Fetal development after chorionic villus 

sampling 

Sir —Professor Rodeck (Feb 20, p 468) made several important 
recommendations to minimise the risk of limb reduction defects 
after chorionic villus sampling (CVS), but also recommended that 
runner interventions in early pregnancy, such as amniocentesis 
before 14 weeks, should not be routinely introduced before full 
evaluation. We agree that scientific evaluation is needed, but suggest 
that possible problems of early amniocentesis are more similar to 
those of the sale standard amniocentesis 1 than to those of CVS. 

We studied early amniocentesis done between weeks 1 2 and 1 4 of 
gestation (40% were from week 1 1 + 1 to week 12 + 6 [week 12 and 
131) in 1500 women. After obligatory genetic counselling, about 
3 mL of fluid were taken under ultrasonographic vision. In 99-7% , 
karyotyping was successful with a mean culture time of 14-5 days. 
Up to week 24, the complication rate (spontaneous abortion, 
amniotic fluid leakage, or vaginal bleeding) was 1 * 1 % (vs 0-7% in 
oOOO women who had standard amniocentesis). The total 
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EFFECTOR FUNCTIONS OF A MONOCLONAL 
AGLYCOSYLATED MOUSE IgGZa: BINDING 
AND ACTIVATION OF COMPLEMENT 
COMPONENT CI AND INTERACTION 
WITH HUMAN MONOCYTE 
Fc RECEPTOR 
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Abstract— Agiycosylatea monocionai anii-DNP mouse lgG2a produced in the presence of tunicamycin 
was compared unh th» native monocionai IeG2a with respect to its ability -o interact with the first 
component oi compiement. CI. ano to compete with human IgG for binding to) human monocyte Fc 
rcceptorv Tne agiycosyiated lgG2a was found to bind subcomponent Clq wuh an equivalent capacity 
to the native IgG2a. but the dissociation constant was found to be increased threc-foid. When activation 
of CI b\ :nc glycosylated and agiycoswaicd !eG2a was compared, the rate of CI activation by the 
aglycosyiaicd lgG2a was reduced approximately three-fold. In contrast agiyecsyiation was accompanied 
by a large decrease (^50-foid) in tne apparent binding constant of monomenc isG2a to human 
monocyte- The data suggest that the ac:ycosyiatcd IgG 2a has a structure which differs :n~ the C ? ,2 domain 
from the native lgG2a. and that the heterogeneous A'-iinked oligosaccnaridcs of this monoclonal IeG2a 
which occur at a conserved position in the C M 2 domain play a roie in maintaining tne integrity of its 
monocytc-bindine sue. This lack of monocyte binding may result either from a localized conformational 
change occurring in a single C H 2 domain or from an alteration in the C ; 2-C M 2 cross-oomaih architecture 
which is r.ormaiiy structured by a pair of opposing ana interacting oligosaccharides. The minimal changes 
in Clq bir.aine and CI activation suggest that the oligosaccharides arj. at most.' inairectiv involved in 
these every, v 



INTRODUCTION 

An integral feature of all normal IgG class antibodies 
the A'-linked oligosaccharides in the C:2 domain. 
Analyses of the structural and functional aspects of 
the /V-iinked oligosaccharides are of biological inter- 
est for four main reasons: ( 1 1 the glycosvlauon of the 
Cu2 domain has been conserved throuenout evol- 
ution, suggesting an important role for tne oligo- 
saccharides, ill the combinatorial association of 
:wo heavy chains places two oligosaccharide units in 
direct contact with each other from which it follows 
tnal (3) the immunoglobulin molecule is a model 
:or both specific protein-<;aroohydrate ar.d carbo- 
r.ydrate-carborndrate interactions, anc »4t me 
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immunoglobulin moiecuie serves as a model system 
for the analysis of oligosaccharide heterogeneity 
(Rademacher and DweK. 1984: Rademacher er aL. 
: 982V 

Crystallographic studies on immunoglobulin Fc 
fragments ( Diesenhofer. 19S1: Sutton and Phillips, 
i 983) have shown that, uniike other immunoelobuiin 
domains, the two C M 2 domains do not form extensive 
lateral associations. The resuitant interstitial region is 
rilled by the inclusion of the oligosaccharide side 
cnains attached to Asn-297 on each heavy chain such 
that the carbohydrates form a bridge across tne 
aomains. The 21 l-6i arms of the biantennarv com- 
plex oligosaccharides interact with the protein and 
tne a< 1-3) arms of the two oligosaccharides form tne 
bridge. 

Possible roles for the oligosaccharides could in- 
clude both a structural and. or functional one. In the 
former the oligosaccharides would exist as spacers 
between the two C H 2 aomains. thereby imparting 
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^ability or protection io.:. :rom proteolysis). How- 
■jver. the presence of oligosaccharide heterogeneiiy 
couid also increase tne Junctional diversity of the 
immunoglobulin moiecuie with the oligosaccharides 
acting as specific lieands for recognition by receptors. 

This paper describes the production of a mono- 
cionai agiycosyiated IgGIa and the purification of 
this lgG2a to homogeneity. We then compare the 
interaction of native ano agiycosyiated IgG2a with 
the nrst component o; complement CI. This is 
achieved by quantitative comparison of the binding 
affinity and capacity for the subcomponent Clq 
alone, and by comparison of the rates of activation 
of the entire CI complex. The results allow a quan- 
titative description of the eilect of aglycosylation on 
the binding and activation of CI. We also compare 
the interaction of native and agiycosyiated mouse 
IgG2a with human monocyte Fc receptor and discuss 
the role that the oligosaccharide may be playing in 
immunoglobulin structure and function. 

MATER I A 15 AND METHODS 

' Materials 

All culture media were obtained from Gibco. Ficoll 
400 and CNBr-activated Sepharose 4B were pur- 
chased from Pharmacia Fine Chemicals. Metrizoic 
acid (sodium salt. 32.8°„ (w v) aq. solution], tuni- 
camycin and rabbit anti-bovine IgG were obtained 
from Sigma Chemical Co. L-[4.5- J H]leucine 
(197 Ci/mmole) and d-[ l- t4 C]glucosamine HC1 
(57.9 mCi/mmolei were obtained from Amersham 
international. [ I25 I]-C1 was generously provided by B. 
Gorick and N. R. Hughes-Jones (ARC. Cambridge). 
The hybridoma cell line K3 was made available by 
Dr B. A. Askonas (N.I.M.R.. Mill Hill. U.K.). 

Immunoglobulin 

Pooled human IgG was isolated using ammonium 
sulphate precipitation, ion-exchange and gei- 
filtration chromatography {Hudson and Hay. 1980) 
and labelled with : 'I using immobilised 
lactoperoxidase/glucose oxidase (Bio-Rad) to a level 
of -0.02 I/mole. 

The lgG2a-producing hybridoma (K.3) was grown 
as an ascitic tumour in pristane-primed 
(BALB/c x CBA) F, mice. Viable hybridoma cells 
were purified from ascitic fluid on a discontinuous 
Ficoll/Metrizoate densitv gradient (Davidson and 
Parish. 1975) by recovery from the interface. The 
purified hybridoma cells were seeded at a density of 
2 x 10 ; cells/ml, and subcultured every 3 days as 
necessary in Falcon 3028 tissue culture flasks contain- 
ing RPMI 1640/10 U C) heat-inactivated foetal calf 
serum (FCS)/penicillin 1 100 units/ml)/streptomycin 
( 1 00 g/ml ); 2-mercaptoethanol (25 \iM Vglutamine 
(2 mA/). 

Agiycosyiated lgG2a was produced by suspending 
cells from the above cultures at 2 x 10 h cells/ml in 
medium contamine 2^emi tunicamvein. The cells 



■vere incubated in this medium at . : "*C 5 r ' n CO* for 
- nr. which control experiments nad determined to re 
sumcient time for all remaining glycosylated IgG2a to 
re secreted. The cells were then centrifuged at I (SO ^ 
for iOmin. the supernatants removed, and the ceils 
vashed twice with frcsn tumcamycin-containing me- 
dium, and resuspended at 2 x 1(T ceils- ml. They were 
:nen re -cultured for 3 days before removing ttic 
agiycosyiated lgG2a-containing supernatant. The 
supernatants were concentrated 10-fold by 
ultrafiltration using an Amicon PM30 membrane, 
dialysed vs PBS/EDTA. and any precipitated ma- 
terial removed by centrifugation. The supernatant, 
with [ J H]leucine lgG2a added to act as a tracer, was 
then applied to a DNP-lysine-Sepharose column 

0 x 1,4 cm) in PBS/EDTA. and unbound material 
washed through with the same bufTer. Bound protein 
was eluted with 50 mA/ DNP-glycine. pH 7.2. After 
concentration, this protein was applied to a Sephacryt 
S-200 column i 140 x 1 .6 cm) in PBS'EDTA to purify 
the product further and remove excess DNP-glycinc. 
Removal of bovine IgG derived from the foetal calf 
serum was by passage of the IgG fraction through an 
anti-bovine IgG-Sepharose column.' Remaining 
traces of bound DNP-glycine were removed by ex- 
change dialysis against dmitrophenol in PBS at pH 
".2 followed by ion-exchange chromatography on 
Dowex 1 x 8 (-400). 

Tracer ( J H]leucine IgG was produced in culture 
using leucine-deficient RPMI 1640 (Gibco. select 
amine kit). Cells were incubated in the modified 
medium containing tunicamvein for 4 hr at 37 n C/5"' 
CO : , washed and resuspended in fresh modified 
medium followed by the addition of radiolabeled 
amino acid (lOuCi/ml) and incubated for a further 
30 hr prior to isolation of the IgG as above. 

In order to determine the optimal amount of 
tunicamvein. cells (2 x 10 b cells/ml. 0.5 ml) with vary- 
ing amounts of tunicamvein (added from a stock 
solution in 5 mA/ NaOH/165mA/ NaCI) were incu- 
bated for 3.5 hr at 37"C/5°„ CO : in Falcon 3033 tissue 
culture tubes. 2 uCi/ml L-[4.5- : H]leucine and 

1 /iCi/ml D-(l- l4 C]glucosamme hydrochloride were 
then added and incubation continued for 36 hr. After 
centrifugation the supernatants were removed and 
the labelled IgG isolated on columns of 
DNP-lysine-Sepharose. After washing with PBS the 
IgG was eluted with 50 mA/ DNP-glycine. pH 7.2. 
which was subsequently removed on a Dowex 1 x 8 
(-400) column equilibrated in PBS. 

IgG samples were analysed on a discontinuous 
SDS-PAGE. Fluorography was performed using 
ENHANCE (New England Nuclear) and Kodak 
X-Omat AR film. Proteins were visualized by staining 
with Coomassie blue. 

Binding of IgG 2a to human monocyte Fc receptors 

Human mononuclear cells were isolated from 
freshly-drawn heparinized blood by use of lympho- 
cyte separation medium (Flow). They were then 
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>\asned with RPMI 1640 ;n" it FC5 ana mcuoated in 
piastic petn dishes at 3"'C 5", 0 : lor 45 min. The 
adherent monocytes were harvested by washing in 
::i BSS[-Ca. - \tg], EDTA f 10 m\f >: RPMI 1640. 
;0"„ FCS. Cells were then suspended at 10' ml in BSS 
*-Ca. - V!g]/HSA (0.2". i NaN, (0.i" n i and 2 vols of 
suspension was added to i vol of [ t: M]-human igG 
UnXtl BSS(-Ca. -Mcj/BSA (0.2 i : n );NnN, (O.f 0 ;,) 
and I vol of test IeG2a solution < various dilutions! 
and incubated for 2 hr at 37 C. Both the lodinaied 
IgG and the test lgG2a stock solutions were centn- 
fuged (T 00.000 e for 30 mini before use to remove 
aggregates. The monocytes were resuspended and 
duplicate aliquois were iayered over 1 vol Versiluble 
F50 (Alfa) which had in turn been layered over I vol 
of 1:2 lymphocyte separation medium: BSS in sili- 
conized tubes. The monoevtes with bound leG were 
separated from unbound IgG by centrifuging them 
through the Versiluble phase. The tubes were then 
frozen and snapped to separate the pellet and super- 
natant fractions, and the amount of [ ,:? I]-IgG in each 
was determined. As well as varying amounts of test 
IgG. the following controls were also included: (1) 
( !:s I]-IgG alone, to give the initial binding; and (2) a 
large excess of unlabelled IgG. to give the non- 
specific background binding. 

Protein in the stock IgG samples after ultra- 
centrifugation was determined by the Bio-Rad dye- 
binding protein assay (micro version) using dilutions 
of an igG sample of known concn to construct the 
standard curve. 

C\q binding 

This was performed as described previously 
(Leatherbarrow and Dwek. 1984) except that the final 
concn or IgG2a/DNP-Afiigel 701 was 0.6'\ (v/v) and 
the total assay voi was 100 u\. The data were analysed 
using a FORTRAN non-linear regression program. 

CI activation 

This assay followed essentially the CI activation 
assay of Folkerd et at. (1980) but used 
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Fig. I. EfTect of tunicamycm on the incorporation of 
|"'H|Ieucine <#) and l 1J C|giucosaminc tQ) into lgG2a iso- 
Utcd from culture supcrnatants. The results are expressed as 
ihc percentage incorporated in the absence of tunicamycm. 



IgG DNP-Attlgei 70 i to activate the CI. The super- 
natant and pellet fractions were analysed by 
SDS-PAGE using 10% acrylamide gels. Positions of 
the labelled protein oands were determined by auto- 
radiograpny. The intensity of each band was esti- 
mated by densitometry of the developed film and the 
percentage activation expressed as: 



(CTr;H]-CTs(H]-HCTr[L]) 
<Clr - Cis) -r tClriH] + Cls(H) + (Clr[L]j 



100?* 



where (H) and (Li denote the heavy and light chains 
of Clr or Cls produced after activation (denoted by 
a ban which is due to the proteolytic cieavage. 

RESULTS 

Effect of tunicamycm on IgG 2a secretion and gly- 
cosyiation 

The effect of increasing tunicamycin concn on the 
incorporation of pH]leucine and [ l4 C]glucosamine 
into lgG2a produced by the hybridoma ceil line K3 
is shown in Fig. 1. Tunicamycin inhibits the 
glycosyiation of the immunoglobulin in a dose- 
dependent manner, with complete inhibition occur- 
ring at > 1.5 /ig/ml tunicamycin. These results are in 
accordance with previous findingl where it has been 
found that, in contrast to other types of immu- 
noglobulin, agiycosylated IgG is still secreted from 
the cells, albeit at a reduced rate (Hickman ex a/., 
1977: Hickman and Kornfeid, 1978: Blatt and Hai- 
movich, 1981: Sidman. 1981). It is interesting to note 
here (see Fig. 1 ) that when the protein is completely 
agiycosylated no further inhibition of the IgG2a 
secretion is observed. Consequently a slight excess of 
tunicamycin (to ensure complete aglycosylation) was 
used (2 jig/mil in the experiments with the K3 cell 
iine. 

Purification of agiycosylated IgG 2a from culture 
supematants 

A total of 2.5 1 of agiycosylated IgG2a-containing 
culture supernatant was produced as described 
above. The concn of mouse IgG2a in this supernatant 
was estimated to be l-2^g/ml by radial 
immunodiffusion. Glycosylated IgG 2a was also pro- 
duced as a control from parallel cell cultures in the 
absence of tunicamycin. Gel filtration of the eluate 
from the DNP-lysine-Sepharose column showed a 
single radioactive peak at M r - 150 kilodaltons. 
Monitoring at 280 nm revealed two peaks, however, 
one eluting with the void vol. and the second at the 
position of the radioactive peak and corresponding to 
that of authentic IgG2a (M r ^ 150 kilodaltons). The 
material eluting in the void vol did not contain IgG. 
and consisted of components of extremely high ap- 
parent mol. wt which did not enter a 5% acryiamide 
stacking gel. By criteria of reaction with anti-bovine 
IgG antisera and from the SDS gel profiles it was 
found that in addition to the mouse IeG2a the 
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— micai rasuits 

jbvicusiy, tnere ara not vet anv ;iini::ai data :rca antibodies zroducad in 
*ne ^c. However, ever Prismas a patient vitn severe autsissune 
vasculitis vas successfully traacaa vitn l^SAIS- : K from :ur previous 
stoacs. She dad cripoiing joint disease due zz lympnocTta iniiirracion and 
required large amounts or opiates zz control- tie pain. Following days 
or treatment tiere vas a narked tiinicai improvement, 1 monocytes vera 
--*ar*d, opiates could be withdrawn and tie patient vas able zz start 
walking again. «e rave yet :o see vnetner tiis dramatic recovery viil be 
sustained or vnetner sore antiboay will be required. Tils rasuir vas very / 
important zz us because tie CAMPA3S-?S bad been produced in CZO (cninese^ 
camstar ovary) ceils ratner than tie rat aveioma calls as before. Tie CHO 
-ai^s orrer increased productivity and so are being used by *eilcome and 
by us :or nost future antibodies. However* tnere bad been some doubt I 
vnetner tne antibody produced wouid be as effective in vivo. Therefore the 
successful treatment of tiis first patient bas been very encouraging to 

ill cf us. 
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